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FOREWORD 


This  study  was  requested  by  the  Office,  Assistant  Secretary  of  Defense 
(Systems  Analysts)  in  October  1965.  The  purpose  of  the  study  was  to  develop 
a  theater- level  combat  simulation  that  would  assist  in  the  analysis  of  com¬ 
peting  strategic-deployment  systems. 

The  need  for  a  combat  model  of  this  type  was  realized  in  the  course  of  a 
broader  study,  begun  in  1964,  of  the  strategic-deployment  objectives  to  be 
sought  by  US  military  planners  for  increasing  the  strategic  mobility  of  combat 
forces.  The  model  presented  here  was  developed  to  determine  the  military 
value  of  changes  in  the  rate  of  arrival  of  troops,  supplies,  and  equipment  dur¬ 
ing  a  particular  contingency  operation. 

Since  the  preparation  of  the  draft  of  this  technical  paper,  other  priority 
work  undertaken  by  the  members  of  the  study  has  unavoidi^ly  delayed  its  final 
publication.  To  expedite  the  early  release  of  a  description  of  computerized 
quick  gaming,  draft  copies  were  furnished  to  certain  members  of  the  Project 
Advisory  Group  in  October  1966.  The  final  version  of  the  paper,  althou^  struc¬ 
turally  different,  contains  essentially  the  same  model  logic  as  the  draft  copy. 

The  authors,  recognizing  the  following  limitations  of  the  present  simula¬ 
tion,  stress  this  to  be  a  Mark  I  version  of  computerized  quick  gaming,  lateral 
movement  of  combat  units  and  supplies  between  sectors  is  restricted  by  the 
model’s  one-dimensional  battlefield  configuration.  The  simulation  of  reserve 
units,  separate  air-defense  aircraft,  and  a  more  detailed  service  support  as¬ 
sessment  as  well  as  the  nonlinear  recovery  of  lines-of-communlcation  capa¬ 
bility  are  areas  deserving  further  iuvestigatlcn. 

Lowwnc*  J.  DnJwrt 
Head,  MiUtary  Osmlag  Department 
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SUMMARY 


Problem 

To  design  and  prepare  a  theater-level  combat  simulation  based  on  the 
RAC  quick  game*  that  can  measure  in  quantitative  terms  the  effectiveness  of 
forces  deployed  and  logistic  support  furnished  to  various  theaters  of  opera¬ 
tions  under  varying  levels  of  troop  availability. 


Facts 

This  study  was  requested  by  the  Office,  Assistant  Secretary  of  Defense 
(OASD)  (Systems  Analysis)  in  October  1965.  The  purpose  of  the  study  was  to 
develop  a  theater-level  combat  simulation  that,  in  coubinatlon  with  other 
4  logistics  and  cottts  studies,  would  assist  In  the  analysis  if  competing  strategic- 

deployment  means.  The  OASD  already  had  available  a  1  .AC-developed  Unear- 
programmlng  model*  for  the  design  of  strategic -deployment  systems  to  meet 
„  worldwide  operational  contingencies.  There  was,  however,  no  combat  model 

available  to  determine  the  military  value  of  changes  In  the  rate  of  arrival  of 
troops  and  supplies  during  the  Initial  deployment  and/or  subsequent  buildup. 
That  no  combat  model  available  was  both  complete  enough  and  operated 
with  the  speed  necessary  for  a  rapid  determination  of  tlie  results  cd  ch8>nge8 
in  the  overall  situation.  However,  recent  unpublished  notes  from  the  US  Army 
Strategy  and  Tactics  Analysis  Group  (STAG)  indicate  the  existence  of  a  quick 
game  called  EAGLE:  Experimental  Air,  Ground,  Logistics  Evaluator. 

A  combat  model  to  meet  this  need  should  have  air  and  ground  forces  and 
their  supporting  logistical  syateira,  th*'  ability  to  allocate  forces  to  various 
roles  and  missions,  and  a  realistic  Interaction  between  each  of  the  elements 
portrayed.  The  model  should  also  be  able  to  respor^  to  a  number  of  contin¬ 
gencies  and  alternatives  within  the  time  limits  imposed  by  the  operations  of 
the  linear- programming  model  or  by  the  users’  planning  process. 


Discussion 

The  military  commitments  of  the  US  have  been  extended  over  the  years, 
through  various  treaties  and  agreeuents,  to  a  worldwide  arena.  To  meet  thes? 
commitments,  the  US  must  maintain  the  capability  to  deploy  an  effective  fight¬ 
ing  force  to  virtually  ^ny  conflict  area  in  the  world.  Two  major  problems 
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confront  the  present  Army  and  DOD  planners.  First,  what  Is  the  level  of  the 
fighting  force  that  appearr  to  be  most  effective  In  a  ^ven  contingency?  Sec¬ 
ond,  <Tiyen  the  deployit^ent  means  available,  what  is  the  composition  of  ths  de¬ 
ploy  .iient  system  that  will  deliver  a  fighting  force  to  a  contingency  area  to 
obtain  the  maximum  effectiveness  of  that  force  ? 

Although  there  appears  to  be  general  agreement  on  the  military  and  deter¬ 
rent  value  of  rapid  force  deployment,  determination  of  the  appropriate  force 
level  is  another  matter.  For  each  contingency  area  the  questions  of  force  sue 
and  deployment  speed  arc  problematical.  Many  contingencies  represent  varied 
and  uncertain  threats,  and  hence  no  unique  requirement  becomes  apparent. 
However,  overall  US  objectives  may  be  met  with  a  wide  range  of  response 
levels.  For  example, the  status  quo  could  still  be  reestablished  In  a  conflict  area 
that  had  been  overrun  and  later  retaken.  But  this  type  o'  action  might  be  more 
costly  than  one  In  which  rapid  deployment  of  forces  permitted  early  atabllUa- 
tlon  and  a  follow-on  counterattack.  Cost  savings  to  be  considered  are  those 
resulting  from  reduced  casualties,  smaller  US  force  committed,  and  real  estate 
saved  from  destruction. 

The  previously  mentioned  RAC  linear-programming  model  Is  a  technique 
to  design  the  least-cost  deployment  system  to  meet  a  stated  force-closure 
schedule.  However,  this  force-closure  schedule  may  not  be  the  moat  tactically 
effective  fur  the  conflict  area  considered. 

The  evaluation  of  various  force-closure  schedules  for  many  tliaattr  areas 
created  a  need  for  a  computerized  quick  game. 

Since  Its  Inception  early  In  1963,  quick  gaming  has  been  a  unique  tool  of 
considerable  value.  In  I  working  day,  one  or  two  analysts  could  simulate  days 
or  even  weeks  of  combat  between  conventionally  armed  military  forces  of  divi¬ 
sion  size  or  larger.  This  was  possible  because  the  essential  characteristic 
of  quick  gaming  was  its  simplicity,  a  feature  achieved  by  aggregating  ths  ele¬ 
ments  of  military  combat.  Using  only  the  relative  firepower  cf  the  oppoelng 
sides,  the  terrain  conditions,  type  of  units  In  battle,  and  tactical  defensive 
postures,  the  quick-game  model  determined  the  casualties  Incurred  by  each 
Bide  and  the  rate  of  advance  of  the  attacking  force  for  uniform  time  tncremente 
of  24  hr  each. 


It  was  soon  realized  that  the  utility  of  quick  gaming  could  be  greatly  In- 


creasisd  If  other  assessment  models  were  added  for  completenees,  and  If  the 
manual  operation  were  converted  to  a  computer  simulation.  Then  many  plays 
of  a  given  situation  could  be  accomplished  In  s  short  period  of  time.  Rapid 
assessments  would  permit  extensive  sensitivity  analyses  of  the  Impact  of  un¬ 
certain  assumotions  or  numerous  changes  In  the  tactical  situation  on  ths  out¬ 
come  01  uie  battle. 

The  objective  of  the  study  effort  was  to  produce  an  acceptable  and  com¬ 
pletely  tested  theater-level  combat  almulatlon.  Using  the  existing  quick  gams 
as  the  basic  combat  model,  three  new  models  were  added:  an  air-operatloiu 
model, which  accounts  for  general  tactical-air  mltalons  of  air  suparlorlty, 
close'alr  support  (CAS),  and  supply  Interdiction;  a  loglstlce  inodel,whlch 


simulates  the  resupply  of  deployed  combat  units,  builds  stockpiles  at  desig¬ 
nated  points  In  the  theater,  and  simulates  the  flow  of  troops  and  equipment 
through  the  theater  lines  of  communication  (LOCs),  so  that  a  realistic  delay 
exists  between  units  arriving  In  the  theater  and  being  deployed  as  conihat 
active.  In  addition  the  logistics  model  becomes  the  prime  vehicle  for  assess¬ 
ing  the  effects  on  combat  of  enemy  interdiction  of  supplies.  A  third  new  model 
was  added  that  would,  at  least  in  a  rudimentary  fashion,  simulate  the  remain¬ 
ing  decisions  occurring  within  a  deployment-analysis  study  by  providing  a 
procedure  for  determining  where  to  deploy  newly  arrived  troops,  surface-to- 
air  missiles  (SAMs),  or  supplies  as  they  enter  the  theater  ports  and  landing 
fields.  These  actions  are  handled  in  the  tactical-decision  model  (TDM). 

The  study  effort  proved  successful.  There  now  exists  a  theater-level 
combat  simulation  programmed  in  FORTRAN  IV  capable  of  being  run  on  the 
IBM  7044  computer  system.  The  operating  time  of  the  simulation  averages  10 
sec  of  computer  time  for  each  day  of  combat,  or  8  days  of  combat  per  minute 
of  computer  time.  This  time  includes  data  read-ln  time,  assessment  time, 
and  data  print-out  time.  The  computer  program  is  believed  to  be  thoroughly 
checked  out  and  ready  for  extended  application  during  the  second  half  of  CY67. 

The  authors  consider  the  present  volume  on  model  logic  to  be  a  Mark  I 
version  of  the  quick-game  simulation.  Modifications  will  be  Included  as  con¬ 
tinual  development  and  improvement  occurs  in  a  natural  evolution  process. 

This  volume  is  restricted  to  a  description,  with  detailed  flow  charts,  of 
the  logic  of  each  model  within  the  overall  combat  simulation.  Given  a  theater 
scenario  with  appropriate  ground,  air,  and  logistic  elements,  and  the  requisite 
area  and  terrain  conditions,  the  simulation  will  assess  in  a  theater-level  set¬ 
ting  the  effectiveness  of  a  gdven  strategy  relative  to  other  strategies.  The 
detailed  computer  program,  program- operating  instructions,  and  a  descrip¬ 
tion  of  the  rec/.'^’-ed  input  data  will  be  piiblished  as  a  separate  voluose. 
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BACKGROUND 

Some  of  the  problems  facing  today’s  military  planners  are  the  how,  when, 
and  where  problems  of  contingency  planning:  How  are  troops,  supplies,  and 
equipment  best  transported  to  a  conflict  area  under  certain  political  or  least- 
cost  constraints  7  Which  force-closure  schedule  gives  maximum  effectiveness 
to  the  strategy  employed?  Where  should  the  force  be  applied  in  the  face  of 
alternative  contingencies? 

The  the«iter- level  combat  simulation  described  in  the  following  sections 
represents  a  technique  of  assessment  that  can  determine  the  relative  effect  of 
changes  in  the  tactical  situation  and  certain  basic  assumptions  on  the  duration 
and  heuce  the  cost  of  military  conflict.  Types  of  changes  that  can  be  evaluated 
are  variations  in  troop  avail^ility,  presence  or  absence  of  good  LOCs  and 
hence  supply  availabiHty,  varying  levels  of  tactical  air  support,  and  delays  im¬ 
posed  by  certain  barrier  techniques. 

A  simulation  of  this  t3rpe  has  been  sorely  needed  at  RAC  and  wiU  repre¬ 
sent  a  significant  addition  to  its  collection  of  war  games  and  combat  simula¬ 
tions  already  designed. 


GENERAL  DESCRIPTION 

Computerized  quick  gaming  (CQG)  simulates,  with  a  high  degree  of  aggre¬ 
gation,  theater-level  warfare  between  opposing  combat  forces.  Each  of  the 
forces  may  include  varying  kinds  of  infantry,  armored,  or  mechanized  units 
with  aerial  and  artiliery  support.  Intratheater  logistics  operations,  required 
to  support  combat  troops  and  tactical  air  bases,  are  also  simulated. 

The  quick-game  simulation  is  composed  of  four  separate  but  interacting 
models:  the  ground-combat  model  (GCM),  the  logistics  model,  the  tactical- 
air  model,  and  the  TDM.  The  models  referred  to  here  are  representations  of 
objects  or  events  In  the  real  world  that  are  idealized  insofar  as  only  selected 
properties  of  reality  are  represented,  makiog  them  therefore  loss  complicated 
than  reality.  All  the  models  are  deterministic  in  that  the  outcome  is  predict¬ 
able  and  the  element  of  chance  is  absent.  Some  of  the  models  are  mathematical 
in  that  properties  of  the  things  represented  and  their  interactions  are  e^tpressed 
symbolically  by  means  of  mathematical  expressions.  Figure  1  illustrates 
scbematicaliy  the  model  interaction  within  the  overall  simulatlOR,  indicating 
some  of  the  input  to  and  output  from  each  modeL 
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Fig.  1 — Computarlsad-Qwiek-GaiM  Flow  Diagram 


T'le  theater  of  operations  is  considered  to  be  divided  into  battle  sectors 
as  shown  in  Fig.  2.  The  sectors  extend  from  rear  areas  of  one  force  through 
the  theater  to  the  forward  edge  of  the  battle  area  (FEBA),  and  into  the  rear 
areas  of  the  opposing  force.  Normally  a  maximum  of  one  corps  force  would 
be  deployed  in  one  sector.  Each  sector  is  composed  of  a  sequence  of  segments 
jach  of  which  may  be  considered  to  yield  a  constant  trafficabillty  to  military 
units.  Adjacent  segments  differ  from  one  another  by  some  characteristic  of 
military  significance  that  affects  overall  trafficabillty,  such  as  terrain  changes, 
natural  or  man-made  barriers,  or  prepared  defensive  positions. 

The  TDM,  on  the  basis  of  the  Red  and  Blue  strategies,  the  closure  schedule 
for  troops  and  supplies,  and  the  existing  military  situation,  allocates,  by  sector, 
the  troops,  supplies,  and  equipment  needed  for  effective  combat  action.  The 
decision  model,  while  simulating  an  air  commander,  assigns  tactical  aircraft 
to  support  each  battle  sector  each  day. 

‘ne  logistic.*?  model  simulates,  for  each  sector,  the  flow  of  troops  and 
supplies  from  the  point  of  debarkation  to  the  forward-echelon  supply  point. 

A,U  existing  air  and  ground  LOCs  are  idealized  Into  two  LOC  systems:  one 
for  fixed-wing  aircraft  and  one  combining  ground  and  helicopter  capability. 
Enemy  interdiction  of  the  LOCs  and  supply  points  can  result  in  a  degradation 
rf  the  combat  capability  of  the  forces  in  action. 

The  air  model  simulates  the  effect  of  tactical  aircraft  in  a  combat  situa¬ 
tion  together  with  the  effect  of  weapons  to  destroy  the  aircraft.  The  presence 
of  transport  aircraft  is  implied  in  the  logistics  .model  in  the  form  of  tons  per 
day  of  airlift  capacity,  but  individual  planes  are  not  played.  Five  types  of 
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tactical-'air  mlssioa  are  simulated  in  the  model  as  well  as  the  effects  of  SAMs 
aad  air-defense-artiUery  (ADA)  weapons.  The  five  types  of  air  mission  are: 

(a)  SAM  suppression.  The  destruction  and  neutnUlzation  of  SAM  launch¬ 
ers  and  ccotrolling  radars  of  SAM  sites. 

(b)  Air-base  interdiction.  The  destruction  of  parked  aircraft  at  the  air 
base  and  the  loss  of  air-base  capability  to  sustain  a  given  number  of  tactical 
sorties  per  day. 

(c)  Air  defense.  The  capability  of  fighters,  interceptors,  SAMs,  and  ADA 
weapons  to  destroy  enemy  attack  aircraft. 

(d)  Close  air  support.  The  assistance  given  tii  grounehccmibat  units  when 
enM^. 

(e)  LOC  and  supply-point  interdiction.  The  rediiction  of  the  enemy’s  flew 
of  supplies  in  terms  of  LOC  capability  and  total  supplies  lost. 

The  (QCM  determines  for  each  day  the  change  in  the  location  of  the  FEBA 
for  each  sector.  By  determining  the  force  ratio  and  the  posture  of  the  engaged 
troops,  the  rate  of  advance  of  the  attacker  is  determined.  The  force  ratio  in 
terms  of  opposing  combat-effectiveness  values,  accounts  for  the  presence  of 
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CAS  alrcruft,  MipporUng  artlllary,  the  tactical  poatura  of  tha  troopa,  and  tha 
cvarall  unit  aSfactivsnaaa.  laaffaetivs  unit;;  are  Famcvad  trcin  cocobat  and  ^th- 
hald  iocg  anou^  for  them  to  ba  raatorad  to  fuli  combat  affactivanaaa;  thr  are 
than  ratumed  to  combat.  Naw  unita  antaring  tha  thaatar  ara  aaaffnad  to  w 
parUcular  aactor  by  tha  TDM,  travel  throu^  the  theater  LOC  network  within 
tha  iogiatica  modol,  and  are  deployed  for  combat  aa  naw  fighting  unita  in  tha  QCM. 

Play  of  the  game  may  ba  terminated  when  one  of  tha  following  four  evanta 
OGCuru:  (a)  a  specified  number  of  days  has  alapaed,  (b)  the  enemy  has  forced 
hia  way  throoi^  to  the  friendly  iports  of  debarkatlan,  (c)  tha  defending  forces 
have  stabilised  the  FEBA  In  all  battte  sectors,  or  (d)  the  friendly  forces  have 
everywhere  forced  the  enemy  back  to  some  objective  line  such  as  the  border 
of  the  country  being  defended. 

A  more  complete  and  detailed  deser4>tian  of  the  principal  models  will  be 
found  in  the  next  fotir  chapters.  Flow  charts  of  the  models  and  certain  input 
data  will  be  found  in  App  A. 
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THE  OROCMD-COlfBAT  MODEL 


DEFIMITIOM 

The  GCM  Is  that  portion  of  CQO  that  calcuJatea  changes  in  the  location  of 
the  FEBA. 


BACKOROUMD 

Quick  gaming,  as  described  in  RAC-TP>70,^  Is  a  manoally  operated  land- 
combat  model  that  can  be  used  by  one  or  more  persons  to  determine  rapidly 
the  probable  outcome  of  a  conflict  between  comrentlonally  armed  WWn  and 
Kiorsan  War  type  military  forces  of  dlvlsioo  slae  or  larger.  In  1  working  day 
as  much  as  several  weeks  of  combat  can  be  simulated  by  one  or  two  analysts. 
This  is  possible  because  of  the  essential  simplicity  of  quick  gaming,  a  feature 
achieved  by  aggregating  the  elements  of  military  combat  more  than  in  most 
ctimr  war  games. 

The  main  purpose  of  the  QCM  is  to  determine  the  daily  (every  24  hr) 
changes  in  the  loci^oa  of  the  FEHA  within  each  sector.  As  various  parameters 
are  changed  during  the  course  of  many  plays  of  otherwise  similar  situations, 
comparison  of  the  records  of  the  movements  of  the  FEBAs  may  be  used  as  a 
measure  of  the  effects  of  the  changes.  Thus  the  model  r  an  be  used,  for  exam¬ 
ple,  to  determine  the  effects  of  changes  in  the  rate  of  arrival  of  supplies  or 
tro^  iido  the  theater.  By  virtue  of  the  time  compression  resulting  from  the 
use  of  a  computer,  it  will  be  possible  to  simulate  several  vaiiatioos  of  a  2-  or 
S-mondi  war  in  about  1  hr.  However,  simulating  operations  in  other  theaters 
will  require  more  time  for  the  data-development  phase. 

In  1064  the  RAC  quicltgame  model  was  modified  by  the  adoption  of  new 
firepower  scores  (FPSs)  and  resultant  indexes  of  combat  effecttveness  (ICEs) 
and  by  changes  in  its  stalemate  force  ratios,  i.e.,  force-ratio  values  at  or 
below  which  the  attacking  side  could  not  advance. 

The  K2E  of  a  division  is  a  numerical  representation  of  the  firepower  of 
its  weapons  normalised  about  a  value  of  1.00  for  a  reorganisation  abjective 
amiy  diviatoa  (ROAD)  infantry  divisioa.  In  compater  ised  quick  gaming  the  ICE 
of  a  division  is  modified  only  as  a  function  of  persoimel  or  material  strength. 
Other  game  models  vary  a  unit’s  ICE  in  accordance  with  its  tactical  posture, 


but  thia  la  not  nacaaaary  in  quick  gaming  baeauaa  tti«  affecta  of  changaa  In 
poatura  ara  reflactad  In  dlffarant  canualty-rata  curvaa  and  dlffaraut  mova- 
mant-rata  curvaa. 

The  rata-of-advance  tablaa  in  RAC -TP- 78^  parmlttad  aoma  advanca  by  tha 
attackar  In  any  poatura  for  any  forca  ratio  aqual  to  or  graatar  than  1  and  no 
advanca  for  forca  ration  laaa  than  1.  Thaaa  tablaa  ware  modlflad  to  make  the 
atalanuite  forca  ratio  dependant  on  tha  defandar’a  poatura.  For  anample,  tha 
attackar  of  a  fortified  aone  makea  no  advanca  until  he  haa  more  than  1.8  tlmaa 
tha  force  of  a  defender;  In  a  meeting  engagement  one  to  one  la  a  atalemata;  and 
If  tha  defender  la  In  dlaorganlaad  retreat,  the  attacker  will  continue  to  advanca 
until  the  force  ratio  falla  to  0.5.  Theae  modlflcatlona  ware  publlahed  In 
RAC-T-453.* 

The  following  aectlona  deacrlbe  the  converalon  of  tha  original  RAC  quick 
game  to  the  OCM  of  CQG. 


DESCRIPTION  OF  THE  MODEL 

The  OCM  la  that  portion  of  CQO  that  caleulataa  dally  changaa  In  tha  FEBA 
as  tha  varloua  combat  elamanta  Interact.  In  attempting  to  calculate  thla  ad¬ 
vanca,  the  model  examlnaa  tha  forcaa  aaalgnad  to  combat  on  each  alda,  modlflae 
their  ICEa  according  to  thalr  praaant  paraonnal  or  material  atrangtha,  dater- 
mlnaa  which  alda  la  to  be  tha  attackar,  datarmlnaa  tha  defender 'a  tactical  poa¬ 
tura,  aaaaaaea  caaualtlea  to  all  engaged  unlta,  and  computaa  tha  dlatanca  tha 
attackar  will  advanca,  if  any. 

Tha  model  takea  Into  account  the  praaanca  of  CAE  and  aupportlng  artillery 
effaita,  wlthdrawa  unlta  from  combat  whan  their  combat  offectlvenaaa  becomaa 
aero,  and  retuma  them  to  combat  when  enough  time  haa  elapaefi  for  them  to  be 
reatored  to  full  uaefulnoaa.  tt  alao  recogulaea  groaa  vaiiatioos  in  terrain  and 
takea  Into  account  tha  praaanca  of  natural  or  awn- made  Impedimenta  to  move¬ 
ment.  Thera  ara  many  factora  of  actual  combat  of  which  the  model  doea  not 
take  account,  auch  aa  the  affecta  of  weather,  Intelligence,  communlcatlona,  or 
the  tactical  ^11  of  particular  commandera.  The  entire  aaeeaament  Is  founded 
on  the  aaaumptlon  that  charactarlatica  of  fiRura  combat  will  be  almllar  to  thoaa 
ueually  dlaplayed  by  dlvlaion-alaed  unlta  In  WWD  and  the  Korean  War. 

To  conduct  a  play  of  the  ground  model  requlrea  that  Information  be  avail¬ 
able  about  the  theater  battlefield,  tha  troopa  and  waapona  involved,  tha  terrain 
coodltlona,  tha  tactical  poaturaa,  and  eaaualty  ratea  and  movement  rataa  for 
each  type  of  unit  aimulated  when  encountaring  varloua  forca  r^tloe. 

The  Battlefield 

The  battlefield  of  quick  gaming  la  made  up  of  one  or  mnra  battle  aectora, 
with  eector  boundarlea  being  arbitrary  Unea  more  or  leaa  r>ripendlcular  to  tha 
FBBA.  Within  each  aector  tha  terrain  le  deacrlbed  in  terma  of  aagmenta. 

Bach  eegment  la  maaaured  parallel  to  Ita  eector  boundary  and  la  of  auch  a 
length  that  It  can  be  aaaumed  to  have  eaeentlalty  one  trafflcablllty  condition. 

The  Input  data  deacriblng  tha  battlefield  Indlcataa  the  number  of  aactore  (a 
preaent  limit  la  10  aactora/thaatar)  and  Information  on  each  aector  Indicating 
tha  length,  terrain  type,  barrlera,  and  trafflcablllty  of  each  aagmant  In  aaquanca. 
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Hm  OCM  ktoattftos  thrM  typ«s  id  terrain  m  ffoUowa: 

Tfw  A.  Opas,  flat,  or  gonarally  rt^of  terrain  with  a  mlnliauin  of  tim- 
her.  Bprorldee  croos-countrf  moremeote  for  all  types  of  units  and  Is 
considered  very  favorable  for  armored  operations. 

Type  B.  Marginal  terrain  for  armored  operations.  It  permits  only  lim¬ 
ited  cross-eouatry  movemect  of  wheeled  vehicles  because  of  Its  ruggedness, 
streams,  timber,  and  other  natural  obstacles.  R  Is  sultaole  for  foot-troop 
movement. 

Type  C.  Mountainous,  Jungle,  or  thickly  wooded  terrain.  All  vehicles 
are  resmcted  to  existing  roads.  Cross-country  movement  by  foot  troops  is 
possible  but  difficult. 


Barriers 

hi  any  type  of  terrain  there  may  be  barriers,  either  natural  or  man-made 
that  affect  the  movement  rate  of  troops  and  vehicles  encountering  them.  Ex¬ 
amples  cf  such  barriers  are  wide,  uitfordable  rivers;  deep,  rough  chasms; 
or  extensive  minefields. 


Segments 

Bach  battle  sector  Is  composed  of  a  continuous  sequence  cf  segments  each 
of  which  differs  from  those  adjacent  to  it  in  terrain  type  or  In  the  presence  of 
g  a  barrier,  or  both.  There  are  six  kinds  of  segments  possible:  one  for  each 

type  cf  terrain  without  a  barrier  and  one  for  each  type  with  a  barrier.  The 
kind  of  segment  is  one  factor  in  determining  the  rate  d  advance  in  that  seg¬ 
ment  (see  Fig.  2). 

Combat  Units 

In  general  the  smallest  discrete  combat  unit  simulated  in  the  GCM  is  a 
division,  although  an  occasional  unit  <rf  lesser  size  may  be  included  without 
seriously  stressing  the  applicability  of  the  model.  This  condition  exists  be¬ 
cause  the  movement,  casualty,  and  replacement  rates  \ised  are  all  based  on 
hlstoiical  data  applicable  to  divisions.  If  many  units  of  company  or  battalion 
size  ^vere  to  be  Individually  nimulated,  the  incorporated  rates  would  be 
inapplicable. 

Each  division  is  characterized  by  its  ICE,  personnel  strength  expressed 
as  a  percentage,  materiel  strength  in  days  of  supply,  and  the  proportion  of  Its 
component  subunits  that  can  move  at  vehicle  rates  Urmored,  mechanized,  or 
motorised)  nn  distinguished  from  those  that  can  only  move  at  infantry  rates. 
Spsclal  forces,  over-the-beach  assault  troops,  paratroops,  and  other  special- 
parftmB  units  are  r.ot  simulated. 

«  Condwt  units  may  be  in  any  one  of  three  claesee:  Class  A,  assigned  to 

combat;  Class  I,  Incomplete;  or  Class  W,  withdrawn  from  combat.  Class  A 
units  are  thoss  considsrsd  to  bs  actual^  doing  the  fighting;  they  are  assessed 
^  casnaRlss  and  ■»«***«<  replacemente  If  desirable  on  a  dally  basis.  Claes  I 

imits  are  those  coming  Into  combat  before  their  full  complement  of  men  and 
materiel  has  arrived  at  the  FEBA.  When  a  unit  has  taken  sufficient  casualties 
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to  roduco  Its  coiubat  effectiveness  to  zero  It  Is  placed  In  Class  W.  These  units 
do  not  contribute  to  the  force  ratio  and  remain  out  of  combat  long  enough  to  be 
restored  to  full  strength.  They  are  then  automatically  transferred  to  Class  A. 

Cooslderatloa  was  given  to  the  Inclusion  of  a  Class  R, which  would  be  com¬ 
posed  of  reserve  units  at  or  near  100  percent  strength.  There  were  no  prob¬ 
lems  associated  with  creating  the  class  or  in  deciding  how  and  when  to  assign 
units  to  It,  but  the  problems  Involved  In  deciding  when  to  transfer  units  from 
Class  R  to  Class  A  were  perplexing.  Certainly  a  unit  withdrawn  from  combat 
because  Its  losses  had  reduced  It  to  zero  effectiveness  ought  to  be  Ineligible 
for  reassignment  for  at  least  several  days.  Then,  sdthough  not  yet  fully  recov¬ 
ered,  It  might  be  returned  to  combat  under  circiunstances  of  great  need.  How¬ 
ever,  holding  It  in  reserve  for  a  longer  period  cf  time  would  permit  it  to  more 
neaiiy  regain  Its  full  strength.  Under  different  circumstances  there  would  be 
different  points  between  Just  barely  recovered  and  being  fully  recovered  when 
a  comnmnder  might  actually  order  a  withdrawn  unit  returned  to  combat.  The 
difficulties  In  establishing  defensible  rules  for  simulating  the  variety  of  Judg¬ 
mental  processes  Involved  precluded  the  Inclusion  of  any  provision  for  reserve 
units  In  t;  *s  prototype  program.  (This  area  will  be  developed  further  however.) 
In  the  Interests  of  simplicity  It  was  decided  that  each  full-strength  unit  at  the 
FEBA  would  be  assigned  to  combat  and  kept  In  combat  until  Its  casualties  were 
so  great  that  It  could  no  longer  fight.  It  would  then  be  withdrawn  and  remain 
withdrawn  until  It  was  rebuilt  to  full  strength.  The  cycle  would  then  be  repeated. 

Determination  of  Attacker  or  Defender 

In  a  manual  war  game  the  designation  of  attacker  e.nd  defender  and  the 
selection  of  postures  can  be  done  by  the  human  partlcirents.  In  a  computerized 
war  game  such  decisions  must  be  p'ade  by  rules.  In  CQG  the  net  ICEs,  l.e., 
the  unit  ICEs  derived  from  tables  cf  organizations  and  equipment  (TOE)  modi¬ 
fied  by  the  defenders’effectlveness  curve, of  the  two  sides  are  compared  each 
day.  The  side  with  the  greater  net  ICE  Is  declared  to  be  the  attacker.  If  the 
K^Eb  are  equal,  the  side  that  had  been  attacking  is  considered  to  continue  to 
attack.  If  there  are  no  reinforcements  or  significant  changes  in  CAS  or  artil¬ 
lery  support,  the  application  of  this  rule  wo-ild  lead  to  a  more  or  less  realistic 
attack  and  counterattack  sequence  reflecting  the  results  of  an  attacking  force 
receiving  a  higher  casualty  rate  than  the  defending  force. 

Postures  Simulated 

Seven  choices  of  tactical  posture  are  open  to  a  defender. 

FortUled  gone.  A  defensive  fwsition  of  a  depth  and  hardness  considered 
typical  of  the  French  Maginot  Line  or  the  German  Siegfried  Line.  It  Implies 
concrete  (or  equivalent)  protected  gun  emplacements,  preplanned  fire  covei'age, 
heavily  protected  troops  and  supplies,  and  strong  barriers  to  combat  vehicles. 

Prepared  Position.  The  next-lower  level  of  defense  after  a  fortified  zone. 
It  is  preplanned,  constructed  over  a  long  period  (weeks,  months,  or  even  years), 
and  for  a  depth  of  at  least  5  miles  provides  solid  protection  to  men  and  mate¬ 
riel.  It  differs  from  a  fortified  zone  in  using  less  permanent  construction  (Le., 
earth  and  timbers  in  lieu  of  concrete)  and  in  being  leas  elaborate. 


HMty  Pyltti^a.  An  nrrnnftmrat  rtt^rlng  from  •  hr  to  ■  wtoh  or  mero 
to  proptro.  Mucimum  nttontlon  !•  flv«n  to  tho  Jodtckmi  um  of  lornUii  fMturot, 
the  selsetion  cf  •••poni  sitoi!,  ami  tho  pi«pnrntlofi  of  pratocthro  opon  Mrthuforhii. 

Mooting  Engngtmont.  VlrtimUp  Mlf-onpUMiatory.  NoUhtr  oMo  is 
•umod  to  Iwvo  moro  itian  tho  moot  hnotily  proporod  protootloo.  loth  oldoi 
mnko  nuudiBum  not  of  tho  nvnllinble  mturol  torrnln  footyroo,  but  noUhor  to 
proaumod  to  have  an  advantage. 

Potoylng  Action.  Tho  dofondor  to  capable  of  forcing  the  ettanher  to  deploy 
frequently  from  Rla  advancing  formatlom.  Tho  defender  ie  elthyr  unable  to  or 
doei  not  wleh  to  hold  hie  preaent  pooltlon  but  retalna  hie  tactical  IntetfrUy. 

Orderly  Retlreiment.  The  defender  malntalne  only  light  reconnataeanoe 
forcee  In  eomact  with  the  enemy,  although  aecaetonal  battloe  of  the  delay  tag- 
action  type  iTiay  be  fought  on  eapeclally  advantageoue  terrain. 

Dleorderly  Retreat  or  Rout,  ielt-explanatory.  The  rate  of  advance  la 
conetralned  by  the  nature  of  the  terrain,  the  capability  of  the  attaober  to  auetaln 
movement,  and  the  attacker'a  neceaoity  to  retain  tactical  Integrity  ninee  eame 
uncertainty  alwaya  exlati4  concerning  the  defender *a  eapablUtleo  In  renorve  and 
hie  intent. 

Four  of  thete  pooturee  do  not  Involve  preparation  of  the  area.  They  are 
meeting  engagement,  delaying  action,  organlaed  withdrawal,  and  dlaorderly 
retroat.  To  eoloct  a  poatura  for  tha  dafandar  from  among  thoaa  ohotota,  the 
concept  of  unit  affactivanaaa  la  uaad.  Aa  a  dlvialon  auffara  oaaualtlaa,  Ua  af- 
factlvanaaa  dacraaaaa  more  rapidly  whan  It  la  attaching  than  whan  II  la  defend¬ 
ing.  Similarly  If  a  dlvialon  gcta  low  on  euppHea,  Ita  affaotlvanaaa  la  alao  re¬ 
duced.  Tha  minimum  affactlvanaea  raaulting  from  paraonnal  and  metarlai 
ahortagaa  la  tha  governing  factor  for  aaiacting  the  daftnaiva  poatura . 

If  the  poaturea  Hated  above  art  referred  to  In  a  numerical  nequanoa  auch 
aa:  4-maatlng  angagamant,  S-dalaylng  action,  6-orr*nlnad  withdrawal,  7* 
disorderly  retreat,  and  8- holding  poatura,  tha  foUowlcg  aaptaaalen  allowa  tha 
poatura  to  bo  determined  baoed  on  tho  avoragt  affactlvonaaa  of  attachar 
and  defender. 

Poaliir*  vsIm  •  8  ■  [  E,  1 1  >  mIn  (8,  4  h)  1 1 

Where  the  term  £«  indicates  the  condition  of  the  ittaekar,  auch  that  E,  ■  0, 
whan  tha  attacker’a  affactivanaaa  la  aero,  and  E,  •  1,  when  attaohar'a'effao*iva- 
naaa  la  nonaero.  Tha  expraaalon  R  la  an  avaraga  affactivanaaa  ratio  auch 
that 

_  ,  «vwi«  ofhctW^wM  of 

"  avtra^  •fIvciIvcaM*  of  altMiitr 

(Whan  tha  affactivanaaa  values  are  equal  and  nonaero,  the  posture  oaloulatad 
la  4- masting  engagement.) 

CQG  can  also  slmolate  any  of  three  posturaa  that  involve  the  praparallon 
of  an  area.  They  are  tha  dafansa  of  a  fortified  none,  of  a  prepared  poattleu, 
or  of  a  fcsaty  pooltlon.  At  preeont  tho  location  of  euch  preparod  areas  must 
be  given  as  an  input  to  the  model. 

FKBA  Movement.  If  there  Is  any  movement  of  the  FIBA,  It  la  always  In 
a  direction  that  Is  favorable  to  the  attacking  force.  The  eatent  cl  the  move¬ 
ment  Is  a  function  of  the  force  ratio,  the  terrain,  the  posture  of  the  defender. 


and  the  relative  ability  of  the  attacker  to  move  at  infantry  or  armored  rates. 

The  maximum  rate  of  movement  permitted  is  22.5  mlles/day.  This  rate  would 
apply  if  (a)  the  force  ratio  were  5  or  more  to  1;  (b)  tiie  terrain  relatively  flat, 
unobstructed,  and  well  suited  to  vehicular  passage;  (c)  the  defender  in  a  posture 
oi  disorderly  retreat;  and  (d)  the  attacker  fully  capable  of  moving  at  armored 
(vehicular)  ratei;.  If  this  maximum  rate  seems  low  it  is  well  to  remember  that 
it  is  an  average  rate  and  that  it  applies  to  forces  of  division  size  or  larger 
over  an  extended  period  of  time.’ 

Casualties  and  Replacements 

Quick  gaming  requires  a  casualties  and  replacements  model  representa¬ 
tive  of  combat  activities  at  division  level,  but  useful  fundamental  numbers  on 
which  such  a  model  could  be  based  are  quite  scarce.  "The  Staff  Officers*  Field 
Manual,*  *  the  primary  source  of  authoritative  numbers  regarding  casualties, 
presents  a  considerable  range  of  rates.  For  example,  an  infantry  division 
“attacking  in  a  meeting  engagement”  can  be  expected  to  take  about  2.7  percent 
of  its  assigned  strength  In  casualties  each  day,  but  this  rate  applies  only  to 
periods  of  5  days  or  less.  For  more  than  5  days  the  number  applicable  to  an 
infantry  division  in  the  combat  zone  is  18  percent  casualties  per  month  (0.6 
percent /day,  average).  On  a  higher  level  the  planning  figure  recommended  is 
5.91  percent  of  “total  theater  strength  per  month”  (0.2  percent/day,  average). 
All  the  preceding  values  Include  both  battle  and  nonbattle  casualties. 

A  recent  RAC  paper  by  Best*  gives  many  examples  of  casualty  rates  that 
have  occurred  historically  so  far  as  can  be  determined  from  available  records. 
Much  information  is  presented  about  both  US  and  foreign  (mostly  British  and 
German)  units’  casualties  under  various  circumstances  in  WWn  and  Korea. 

The  results,  as  would  be  expected,  are  widely  distributed.  However,  when 
grossly  aggregated  Best  concludes  that  “The  typical  [casualty]  rate  for  a  Ger¬ 
man  lidantry  division  was  about  0.2?f  per  day”  and  that  “this  figure  is  not  sub¬ 
stantially  different  from  the  figure  for  US  or  British  divisions.”  It  is  also 
the  value  obtained  from  FM  101-10  as  a  guide  for  anticipating  casualties  per 
day  in  a  theater  as  a  whole. 

Because  of  these  two  sources  for  casualty  data,  it  was  the  initial  intent 
of  this  paper  to  incorporate  the  field-manual  casualty  data  into  the  casualty 
assessment.  The  weakness  of  this  data  was  that  it  gave  casualty  rates  as  a 
function  cf  posture  but  independent  of  force  ratio. 

Before  the  final  draft  of  the  report  was  submitted,  new  data  became 
available  that  presented  historical  casualty  rates  as  a  function  of  type  of  com¬ 
bat  engagement  and  force  ratio,  to  the  extent  that  it  was  possible  to  measure 
either  Item.  These  data  were  a  result  of  a  substudy  done  for  RAC  by  the 
Historical  Evaluation  and  Research  Office  (HERO).^ 

Shown  in  Table  1  are  the  casualty  rates  for  each  cf  the  eight  postures 
recognized  by  the  field  manual  FM  101-10.*  Figure  3  represents  an  initial 
expression  of  casualty  data  as  a  function  of  tactical  posture  and  force  ratio 
tron.  the  HERO  data.  (The  HERO  casualty  data  are  now  being  used  in  the  quick- 
game  simulation.)  In  each  representation  the  rates  are  percentage  casualties 
per  division  unit  per  day.  Casualty  rates  for  forces  such  as  paratroops  or  over- 
the-beach  assault  troops  are  not  given  because  such  specialized  short-term 
operations  are  not  included  in  quick  gaming. 
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casualties. 


table  I 


CaHiiolly  Ratos  for  CooiputoriiM  Quick  Gaming" 

{P«rcMt) 


.Situation 

Attackar 

Dafandar 

Infantry 

division 

Arnforod 
division  ' 

Infantry 

division 

1 

Armorsd 

division 

Fortified  zooe 

6.6/3.5 

S.5/2.9 

3.5/1.9 

2.9/l.C 

Prepared  oositioo 

4.1/2.2 

3. 4/ 1.8 

2.2/1.3 

1. 8/1.1 

Hasty  position 

4.1/2.2 

3.4/1.8 

2.2/1.3 

1.8/1.1 

Meeting  eogageroeot 

2.7 

2.3 

1.8 

1.5 

IDelsying  action 

1.6 

1.3 

1.0 

0.8 

Organized  retirement 

1.6 

1.3 

1.0 

0.8 

Disorderly  retreat 

1.6 

1.3 

1.0 

0.8 

Holding 

1.0 

0.8 

1.0 

0.8 

*lher«  two  values  are  given,  the  larger  applies  to  the  Rrst  day  and  the 
smaller  to  subsequent  consecutive  days. 


W 


6 


5 


4 


3 


1 


0 
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FORCE  RATIO 


Fig.  3 — Division  Casualty  Rctos  us  o  Function  of  Fcrco  Ratio 
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Reiilacement  ot  personnel  losses  may  be  governed  by  one  of  two  methods. 
Either  units  receive  individual  replacements  at  a  fixed  rate  of  TOE  strength 
per  day  or  the  combat  units  may  be  fcu^t  with  no  replacements  until  they  are 
ineffective  because  of  casualties  at  which  time  the  entire  unit  is  withdrawn  and 
replaced  with  a  new  unit.  These  Iwo  schemes  represent  the  present  US  and 
Soviet  thinking  respectively  on  the  replacement  problem. 

However,  the  quick  game  has  been  designed  to  allow  either  side  to  incor¬ 
porate  whichever  method  it  wants  to  use.  In  addition,  different  rates  of  re¬ 
placement  may  be  used  for  units  in  combat  and  units  in  a  withdrawn  status.  H 
the  unit  replacement  rule  is  used  an  upper  limit  must  be  set  on  the  number  of 
units  that  can  be  i  eplaced. 

Holding  Operations 

A  common  fault  of  war  games  is  that  they  permit  an  intensity  of  combat 
far  above  that  which  could  normally  be  expected  of  real  troops.  Even  quick 
gaming  has  this  defect.  However,  in  a  step  toward  more  re^ism  CQG  includes, 
at  least  for  the  three  postures  involving  the  attack  of  an  enen.y  in  a  prepared 
posture,  the  concept  of  a  holding  operation.  Specifically,  each  time  the  attacker 
accumulates  approximately  another  10  percent  casualties  (an  arbitrarily  se  ¬ 
lected  value)  during  the  attack  of  a  prepared  enemy,  he  reduces  his  activities 
to  a  point  just  sufficient  to  enable  him  to  hold  his  position.  He  maintains  this 
level  nf  effort  for  days  during  which  there  i,?  no  movement  of  the  FEBA,  and 
during  which  the  casualty  rate  is  that  associated  with  the  holding  posture.  At 
the  end  of  this  3-day  period  the  original  attacker  resumes  the  attack,  provided 
that  there  has  been  no  significant  change  in  the  composition  of  the  forces  in¬ 
volved.  Since  the  3-day  period  is  arbitrary, any  other  value  may  be  us^ 
if  desired. 

This  same  concept  of  a  holding  operation  is  used  to  halt  the  defending 
nation’s  forces  at  the  national  boundary  should  they  succeed  in  pushing  the 
enemy  out  of  the  country.  If  that  situation  arises,  no  matter  how  high  the 
force  ratio  might  go  in  favor  of  the  defending  nation,  the  FEBA  will  remain,  at 
the  border.  The  reason  for  this  rule  is  tliat  the  defending  nation  is  presumed 
to  be  satisfied  when  the  invading  force  is  pushed  out  of  the  country.  This  rule 
could  be  changed  readily  to  permit  the  war  to  continue  into  an  adjacent  country 
if  this  were  desired. 

Unit  Effectiveness 

A  combat  unit  ordinarily  ceases  to  be  useful  long  before  the  last  man  is 
wiped  out,  but  the  exact  number  or  percentage  of  casualties  required  to  reduce 
a  unit  to  zero  effectiveness  is  an  indeterminate  variable  that  depends  on  vir- 
hally  everything.  However,  the  effects  of  casualties  must  be  taken  into  account, 
and  this  is  done  in  Fig.  4, which  was  first  developed  by  the  Army  War  College 
(AWC)  and  later  published  in  RAC -TP-76.* 

These  curves,  showing  the  degradation  of  unit  effectiveness  as  a  function 
of  casualties  when  attacking  and  when  defending,  are  also  shown  in  tabular 
form  in  Table  2. 

The  reduction  in  combat  effectiveness  is  not  directly  proportional  to  the 
percentage  oi  casualties.  A  small  percentage  of  casualties  in  a  fresh. 
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Ml'TOE  unit  lM»  oo  ths  ftverag*,  a  negllftbie  elfeet.  A  aoiaU  a4dltioaal  per- 
cef^afs  tafsdis  ^eick!;  *o  affect  the  asit’a  effectiTe&eea.  Wot  ccseeetiocal  battle 
thla  la  doe  primarily  to  the  usual  diatiibutlOQ  cf  caaualtleB,  the  critical  factor 
being  that  the  infantry,  mainly  in  front-line  unite,  suffers  more  than  80  percent 
«f  the  casualties.  Furthermore,  the  effect  of  a  glYen  casualty  level  is  greater 
on  an  attacking  unit  than  on  a  defending  unit.  This  is  because  an  attack,  to  be 


Fig.  4— Unit  CnntMt  Effectivnnnss  os  a  Function  of  Potoonnol 
Cosuoltios,  Division  Lovol 


TABLE  2 


Division  Effoctivonoss  os  o  Function  of  Acciuod  Cosuoltios 


Str«ngl!i, 

% 

Ca«ualti«f, 

% 

Effnetivennsa 

attacking 

EHoetivonaas 

dafonding 

Strongth, 

% 

Caaualtiaa, 

% 

Effoetivanasi 

ottocking 

Effaetivonaas 

dafanding 

100 

0 

100 

100 

82 

18 

31 

60 

99 

1 

100 

100 

81 

19 

21 

57 

98 

2 

100 

100 

80 

20 

11 

54 

97 

3 

98 

96 

79 

21 

0 

51 

96 

4 

96 

96 

78 

22 

0 

48 

95 

5 

94 

94 

77 

23 

0 

44 

94 

6 

92 

92 

76 

24 

0 

40 

95 

7 

90 

90 

75 

25 

0 

36 

92 

8 

86 

88 

74 

26 

0 

32 

91 

9 

82 

86 

73 

27 

0 

28 

90 

10 

78 

84 

72 

28 

0 

24 

89 

H 

74 

81 

71 

29 

0 

19 

88 

12 

69 

78 

70 

30 

0 

14 

87 

13 

64 

75 

69 

31 

0 

9 

86 

14 

59 

72 

68 

32 

0 

4 

as 

15 

S3 

69 

67 

33 

0 

0 

84 

16 

47 

66 

<67 

>33 

0 

0 

a 

17 

39 

63 
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•ncccscfol,  normally  roqulres  rapid  movement  and  good  coortUnatloa.  A  de- 
femUnf  vmlt  re<|iiirea  relatively  lees  movement  and  lower  interunlt  and  intra- 
uBlt  coordiMUion.  Tberefore  it  can  accomplish  its  task  more  effectively  than 
aa  attackisg  unit  Imviog  the  same  percentage  cf  casualties.  Effectiveness  in 
dds  sense  may  be  regarded  as  a  measure  of  the  organizational  integrity  of 
a  unit. 

Close  Air  Support 

(C)  Manual  quick  gaming  (MQG)  was  only  concerned  with  the  actions  of 
ground  forces,  but  the  computerized  version  incorporates  a  model  to  simulate 
air  activities,  some  cf  which  are  considered  to  be  in  cloee  support  of  ground 
troops  in  combat.  On  the  basis  of  information  from  the  Close  Air  Support 
Board*  and  the  Corobst  Developments  Command,*  it  was  determined  that  the 
ICE  equivalent  of  a  typical  US  CAS  sortie  with  an  average  load  of  amm  inttion 
would  0.0036.  These  same  sources  indicated  that  the  enemy  would  have  to 
use  thr«ie  sorties  to  produce  a  similar  effect,  so  an  ICE  of  0.0012  was  assigned 
to  er.exay  aircraft  in  the  CAS  role  (see  Chap.  3). 

Supporting  Artillery 

(U)  Supporting  artillery  is  simulated  in  each  sector  by  an  ICE  value  pro¬ 
portional  to  the  number  of  combat  divisions  in  the  sector.  When  a  division  is 
initially  put  into  Class  A  (assigned  to  combat),  an  ICE  value,  representing  a 
division  slice  of  the  total  ICE  of  the  supporting  artillery  to  be  available  in  the 
theater,  is  added  to  the  sector’s  supporting  artillery  ICE.  Thereafter,  no 
matter  what  the  condition  or  posture  of  that  division.  Its  supporting  artillery 
ICE  remains  active.  This  simple  treatment  of  artillery  is  based  on  the  pre¬ 
mise  that  artiUery  units  are  rarely  overrun,  seldom  suffer  'severe  casualties, 
and,  in  general,  can  continuously  perform  their  missions  for  extended  periods 
of  time.  Tberefore,  once  in  place,  supporting  artillery  remains  avall&ble,  in 
terms  of  its  ICE,  for  the  rest  of  the  play.  The  effectiveness  of  supporting  artil¬ 
lery  Is  degraded,  however,  if  the  supply  level  in  any  sector  gets  low  enough  to 
cause  rationing  or  less  than  maximum  expenditures. 

(U)  There  is  the  possibility  that  all  tiie  units  on  both  sides  in  some  sector 
would  suffer  sufficient  casualties  to  force  them  into  Class  W.  If  that  happened 
the  only  ICEs  available  would  be  those  attributable  to  CAS  and  the  supporting 
artillery.  Were  the  program  permitted  to  carry  out  an  assessment  in  that  sec¬ 
tor,  it  might  produce  an  advance  on  the  part  of  one  side  or  the  other.  TMs  re¬ 
sult  seems  to  be  unrealistic,  so  the  program  is  designed  to  forbid  any  change 
in  the  FEBA  in  a  sector  that  has  no  Class  A  units  on  either  side. 

Rates  of  Advance 

(U)  In  CQG  the  rate  of  advance  of  the  attacking  force  is  considered  to  be 
a  function  of  the  mobility  of  the  attacker,  the  posture  of  the  defender,  the  condi- 
tiOD  of  the  terrain,  and  the  attacker-to-defender  force  ratio.  The  mobility  of 
the  attacker  is  described  as  “infantry”  for  those  combat  personnel  who  must 
walk  or  “armored”  for  those  who  can  ride.  The  rates  used  in  the  actual  cal¬ 
culations  are  proportioned  on  the  basis  of  the  number  ot  infantry  battalions  and 
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armored  battalion*  in  ttie  diylsion.  If  a  dtrlslon  had  80  peremit  Infantry  bat¬ 
talion*  and  50  percent  mechanlBed  battalions,  the  moreaent  rate  would  be  an 
averac*  of  tlM  Infantry  and  armored  rates  giyen.  Generally,  armored  or  mech¬ 
anised  units  are  classified  as  “armored*  and  all  others  as  "infantry.”  Ths  de¬ 
fenders’  posturee  and  the  terrain  conditiona  are  those  described  earlier  in  this 
chapter.  There  is^  of  course,  no  rate  of  advance  associated  with  ttie  holding 
posture. 

The  force  ratio  is  a  pure  number  obtained  by  dividing  a  numerical  mea¬ 
sure  of  the  comlmt  capability  of  the  attacker  by  a  similarly  derived  measure 
of  the  defender.  In  this  capability  is  called  an  ICE  but  other  measure¬ 
ment  schemes  may  be  used  Just  as  readily  if  desired. 

hifantry  and  armored  rates  of  advance  in  terrain  with  and  without  bar¬ 
riers  are  setforth  in  Tables  3  to  6.  These  rates  were  derived  from  basic  data 
that  provided  movement  rates  in  terms  of  yards  per  hour.*"  These  basic  data 
were  translated  into  miles  per  day  by  normalising  against  historical  daily  rates 

in  Korea  and  by  making  appropriate  adjustments  for  the  factors  gf4iostttre - 

and  terrain.  ' 

Indexes  of  Combat  Effectiveness 

The  measure  of  combat  effectiveness  used  in  the  model  is  called  the  ICE, 
a  number  that  purports  to  indicate  the  worth  of  a  combat  unit  in  comparison  to 
some  standard  unit.  The  ICEs  used  in  CQG  are  derived  from  more  fundamental 
numbers  called  firepower  potential  scores  (FPS).  By  knowing  the  lethal  area 
of  a  type  of  round  of  ammunition  (given  as  a  function  of  personnel  posture)  and 
multiplying  by  an  assumed  daily  expenditure  rate  for  this  type  of  ammunition, 
there  results  a  firepower  potential  score  in  terms  of  a  letl^  area  per  day. 

When  each  of  the  firepower  scores  for  all  the  weapons  cf  the  division  have  been 
added  and  then  normalized  about  the  firepower  score  of  the  standard  unit,  the 
result  is  the  ICE  value  for  the  unit  considered.  Table  7  shows  the  FPS  used 
for  meet  of  the  US  and  Soviet  weapons.**  Force  ratios  can  be  constructed  using 
only  FPS;  however  for  division’  sized  units  the  ICEs  are  more  convenient. 

The  ICEs  used  in  the  initial  play  of  CQG  are  git'sn  in  Table  8. 


OPEllATIC»f  OF  THF.  MODEL 

The  flow  chart  of  the  GCM  (see  Fig.  Al)  shows  the  logical  proc¬ 
ess  on  which  the  computer  program  for  the  GCM  was  based.  The  follow¬ 
ing  description  of  the  operation  of  the  GCM  is  directly  related  to  Fig.  Ai, 
althou^  the  computer  program  actually  performs  some  functions  in  an  order 
other  than  that  shown  in  the  flow  chart.  These  differences,  necessary  to 
accommodate  the  needs  of  the  other  models,  do  not  affect  ^  logic  of  the  model. 

The  flow  chart  shows  the  sequence  of  events  involved  in  assessing 
ground  combat  in  a  given  sector.  TMs  sequence  is  used  at  least  once  for  each 
sector  for  each  day  of  combat.  If,  in  a  given  sector,  a  segment  boundary  is 
reached  in  less  than  a  day,  the  cycle  is  repeated  for  thid  seet.^r  to  account  for 
the  remaioder  of  the  day. 

The  prt^ram  starts  by  checking  to  find  out  If  there  are  ground  units 
available  for  combat  (Class  A)  in  the  sector.  If  there  are  none  on  either  side 
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fO  TABLE  7 


Flraf*w«r  ScwM  far  US  and  Saalai  WaaiMaa 

TIxtw) 


W  wtiim 

FM 

Snviat  wannana 

FPS 

7Sl«a  rifU 

1 

7.62^  rifli 

1 

7Sa««MCL 

12 

7.62HaBMCL 

12 

S.iLiB.  rockat  iMnehM 

12 

40Haai  mkal  iaaackar 

12 

SOnm  ywindi  kaaekar 

9 

90>aBa  rockal  laaaekar 

22 

COai  McoilUaa  rifU 

100 

90-mni  racolilaaa  rifl* 

90 

IOShm  ra«oill«as  rifl* 

101 

7SHBm  racoillaaa  rifla 

78 

HAW/TOV 

128 

ISOnam  mortar 

211 

SIhmi  ■ortar 

293 

82-mm  mortar 

293 

107-wa  arartar 

380 

120>mm  mortar 

316 

lOSnaai  lio«rita«r 

324 

1224am  kowitiar 

360 

lS5.aaB  howitaar 

1486 

howitser 

639 

8^.  Iir.«rilaar 

1447 

ISO-oM  gun 

444 

WLaaa  taak  gai 

193 

140HBa  rocket  lauaclier 

307 

M60  uak  w/lO&aua  gaa 

347 

SS-auB  taak  gaa 

209 

lOUmai  Uuk  gaa 

301 

llSnam  aaeaall  gaa 

249 

(Q  TABLE  6 

Uait  ICE  Valuai  u»ad  in  CQ6:  Initial  Play 


Unit 

ICE 

US  iafanlry  divtaion 

1.00 

US  aiimobile  diviaioo 

0.87 

US  airborae  diviaioii 

0.74 

Tkailantl  iofantry  Jivtaioo 

0.48 

Soack  Viet&aoi  iafaatry  diviaios 

0r40 

ROK  inlaatry  diviarioa 

0.54 

ROK  marina  diviaioc 

0.68 

Chincaa  iafaotrv  dWieioo  (aiaodar^) 

0.58 

Chiboaa  infantry  diviaioo  (light) 

0.44 

North  Vietnam  iDiaalry  diviaioa 

0.42 

North  Korean  infawtry  divittioa 

0.48 

North  Koreao  taak  tfivwioo 

0.28 

then  the  program  Jumps  to  F,  thereby  aUpping  all  the  computattoobl  steps 
dnling  ivlth  ICE,  force  ratio,  posture,  rate  of  advance,  and  casualties.  This 
cooditloa  would  not  usually  exist,  but  could  occur  either  because  no  u.iits  iutd 
yet  arrived  in  the  sector  or  because  prior  combat  had  caused  sufficient  casual¬ 
ties  to  force  the  units  to  withdraw. 

(U)  InstepAl  a  count  of  the  number  of  Class  A  units  on  the  attackingside  is 
entered  into  a  UC  register.  If  the  attacker  has  no  Class  A  units,  the  program 
switches  immediately  to  A2;atherwise  it  goes  to  B. 
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Tlw  procnm  cycles  through  the  loop  from  S  vo  or  through  the  quee- 
tlon,  *1#  UC  •  0  7*  until  each  Claea  A  unit  on  the  elde  haa  been  accounted  for. 
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being  conel  tored.  The  other  result  is  the  sum  of  the  percentage  effectiveness 
values  used.  This  sum  is  contingently  necessary  tc  determine  the  defender's 
poeture. 

After  the  ICEs  for  the  ground  i  orcea  on  both  sides  have  been  deter¬ 
mined,  the  program  key  ie  reset  to  start  with  the  attacker  in  the  next  cycle 
(change  side  to  ]).  The  TCE  of  each  side  is  then  increased  if  CAS  and/or 
supporting  artillery  are  available.  At  this  point  the  force  r'.tlo  is  formed  and 
its  value  checked.  If  it  is  less  than  1  and  the  defending  side  has  at  least  one 
Class  A  unit,  the  defender  acd  atta  :ker  exchai^e  roles.  A  side  without  any 
Class  A  units  may  not  attack  because  it  is  assumed  he  has  no  front-line  troops 
available  to  advance  the  FEBA. 

If  the  force  ratio  la  equal  to  or  greater  than  t,  a  similar  check  is  made  to 
ensure  that  the  attacker  has  at  least  one  Class  A  unit.  If  the  attacker  has  no 
Class  A  units  and  the  defender  has  Pt  least  one,  the  attacker  and  defender  ex¬ 
change  rates.  If  neither  side  has  Class  A  units,  this  part  of  the  program  is 
skipped. 

The  personnel-effectiveness  curve  used  to  this  point  was  that  applicable 
to  a  defeoditig  unit.  It  is  now  necessary  to  recompute  the  attacker’s  ICE  using 
the  curve  applicable  to  an  attacking  unit.  (See  Fig.  4) 

The  program  noxt  checks  to  see  if  the  FEBA  is  at  the  border.  If  it  is  and 
the  friendly  (host  country)  force  is  the  atts  cker,  the  posture  is  defined  to  be 
number  8,  holding,  and  the  program  skips  to  G  If  theje  conditions  do  not  exist 
it  goes  to  H, 

At  H  the  force  ratio  is  again  computed,  this  time  using  the  revised  ICE 
value  for  the  attacker.  The  description  of  the  terrain  between  FEBA  and  the 
next  s^ment  boundary  is  then  examined.  H  it  includes  a  record  of  the  presence 
of  a  prepared  defensive  position,  the  appropriate  posture  is  selected  from 
among  the  first  three.  In  the  absence  of  a  prepared  defensive  position  the  pos¬ 
ture  is  determined  by  the  average  effectiveness  of  the  attackerV  and  defender’s 
Class  A  units. 


If  one  of  the  fir^  three  postures  Is  selected,  the  program  checks  tc  see 
which  side  prepared  the  position.  If  the  current  defender  prepared  the  area, 
the  rates  of  advance  applicable  tc  the  determined  pqsture  are  appropriate. 
However,  if  the  current  defender  did  not  prepare  the  position,  he  is  presumed 
to  be  in  less  desirable  defensive  conditions,and  the  rates  of  advance  applicable 
to  the  next  weaker  posture  are  used.  Postures  4  to  7  do  not  involve  such 
a  question. 

All  of  these  paths  ultimately  arrive  at  point  D  where,  depending  on  the 
posture,  one  of  several  pathr  may  be  follow^  to  point  E  or  F.  If  it  is  the  first 
or  a  subsequent  (active)  battle  day  when  the  attacker  is  attempting  to  advance, 
the  appropriate  casualty  rate  is  chosen  and  the  program  goes  to  E  for  calcula¬ 
tion  d  the  movement  of  the  FEBA.  If  it  is  a  subsequent  (quiet)  day  when  the 
attacker  is  exerting  only  enough  effort  to  hold  his  position,  a  lower  casualty 
rate  is  specified  and  the  program  goes  to  F,  thereby  skipping  the  calculations 
c  jucerned  with  FEB.\  movement. 
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A  similar  set  of  paths  Is  followed  for  postures  2  and  S,  For  any  of  the 
other  four  postures,  since  the  casualty  rate  has  already  been  determined,  the 
program  goes  dilrectly  to  E. 

The  first  stsp  at  point  £  Is  tc  calculate  the  rate  of  advance.  The  rate  is 
an  average  of  the  rates  for  armor  and  for  Infantry  according  to  the  relative 
proportions  of  armored  and  infantry  units  In  the  attacking  force. 

The  distance  the  attacker  could  advance  In  the  time  available  at  that  rate 
is  next  calculated.  Normally  the  time  available  will  be  24  hr,  but  If  the  distance 
to  the  next  segment  boundary  Dg ,  determined  earlier.  Is  less  than  the  distance 
that  could  be  covered  In  the  available  time  at  the  given  rate  D,, ,  then  a  segment 
boundary  will  be  reached  In  less  than  the  available  time.  This  means  that  a 
new  rate  of  advance  becomes  applicable  with  less  than  24  hr  available  on  the 
next  segment  in  this  sector.  (More  Information  on  this  subject  appears  later.) 

The  distance  the  FEBA  will  be  moved  0'  is  set  equal  to  the  lesser  of  Dg 
and  „  If  they  are  equal  (an  unlikely  possibility)  the  progiam  says  D'  Dg . 
Tiiis  ensures  that,  if  the  boundary  represents  the  end  ^  a  battle  through  a  pre¬ 
pared  defensive  area,  the  battle-day  counter  wl!’.  be  reset  to  zero. 

Next,  the  position  cf  the  FEBA  is  appropriately  changed  and  the  location 
of  the  new  FEBA  is  checked  to  see  if  It  represents  defeat  for  Blue  (tlie  friendly 
forces).  If  It  does,  the  program  jumps  to  point  J.  If  it  does  not,  the  next  check 
Is  to  see  If  the  attacker  has  gone  as  far  as  the  time  allows.  If  he  has,  casual¬ 
ties  are  assessed  for  each  side  for  the  total  time  that  was  available.  (Time 
will  be  recorded  as  i  number  equal  to  or  less  than  1.  This  stands  for  1  day 
and  is  dictated  by  the  use  of  rates  per  day  for  casualties  and  movement.) 

If  D'  equals  Dg  rather  than  ,  then  the  attacker  has  reached  a  boundary 
and  has  not  gone  as  far  as  he  could  in  the  time  available.  The  battle-day 
counter  is  reset  to  1,  the  time  consumed  is  computed,  and  T  is  set  to  equal 
the  time  remaining.  Casualties  are  then  assessed  on  the  basis  of  ,  and  the 
question  is  asked,  *I8  T  =  0?”  The  answer  to  this  will  be  yes  only  in  the 
special  case  where  Dg  =  Dg.  Normally,  the  program  will  go  back  to  A1  and 
assess  the  action  occurring  during  the  remainder  of  the  day.  In  either  case 
the  program  eventually  gets  to  point  F. 

At  point  F,  in  preparation  for  the  next  day’s  cycle,  the  program  ensures 
that  T  =  1  and  that  the  attacking  side  is  properly  recorded.  The  next  function 
is  to  examine  every  combat  unit  in  the  sector.  Depending  on  its  personnel 
strength  (PS)  and  combat  status  (CS)  either  cr  both  of  these  characteristics 
may  be  changed. 

Units  with  a  personnel  strength  below  68  percent  are  considered  to  be 
Ineffective  on  the  battlefield.  Between  68  and  79  percent  they  are  effective  as 
defenders  only.  This  is  the  reason  the  initial  determination  of  ICEs  is  made 
using  the  effectiveness  curves  applicable  to  defenders.  If  a  unit  is  in  Class  A, 
it  will  always  have  some  effectiveness  as  a  defender  even  when  it  is  no  longer 
effective  as  an  attacker.  In  closely  matched  situations  this  can  lead  to  force 
ratios  of  less  than  1  to  1  after  the  attacker’s  ICE  is  recomputed  using  the 
effectiveness  curves  for  attacking  forces. 

Interpretation  of  the  remaining  boxes  of  the  flow  chart  indicates  how  to 
exit  from  the  model.  The  types  of  assessment  for  one  sector  have  been  dis¬ 
cussed.  The  model  now  repeats  for  all  sectors  in  the  theater  and  when  this 
procedure  is  completed,  either  a  printout  of  the  assessments  ie  called  for  or 
another  model  is  assessed,  depending  on  the  wishes  of  the  user. 
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Chapter  2 


LOGISTICS  MODEL 


INTRODUCTION 

The  manual  version  of  the  RAC  quick  game  did  not  consider  the  possible 
degradation  in  effectiveness  of  combat  units  because  of  lack  of  supplies.  In 
oraer  th<it  me  CQG  be  more  realistic  in  assessing  the  outcome  of  deploying 
forces  and  supplies  rapidly  to  meet  a  given  threat,  it  seems  desirable  to  add  a 
logistics  model  to  the  computer  simulation.  Such  a  model  should  simulate  the 
intratheater  flow  of  supplies  to  units  already  deployed,  the  movement  o£  new 
units  to  the  combat  zone,  and  the  building  of  stockpiles  oi  supplies.  A  model 
achieving  these  objectives  would  become  a  vehicle  for  assessing  the  effects  of 
enemy  interdiction  on  the  flow  of  supplies  and  hence  on  unit  combat  effective¬ 
ness.  This  chapter  describes  such  a  logistics  model. 


GENERAL  DISCUSSION 

A  basic  premise  of  the  model  is  that  resupply  of  deployed  units  wiU  take 
priority  over  the  deployment  of  new  units.  This  requires  an  assumption  that 
supplies  ana  equipment  earmarked  for  resupply  can  be  distinguished  from  the 
equipment  and  supplies  that  constitute  a  unit’s  basic  load  and  are  needed  for 
Initial  deployment.  Stockpiling  of  supplies  has  been  given  a  third-priority 
assignment. 

The  model  operates  independently  for  each  side  and  in  each  sectoi  of  the 
theater.  The  sectors  used  are  the  same  as  those  defined  in  the  GCM. 

Node  Concept 

In  each  sector  the  network  of  ground  LOCs  is  represented  by  a  series  of 
single  LOCs  connecting  nodes  approximately  1  day’s  overland  journey  apart. 

This  spacing  is  necessary  for  the  model  to  operate  on  a  daily  basis.  The  loca¬ 
tion  of  each  node  is  related  to  ports,  airfields,  or  rail  and  road  junctions 
witliln  each  sector.  Nodes  are  also  linked  by  all'  LOCs  if  air  bases  are  available. 

A  node  may  have  associated  with  it  either  a  SAM  site,  a  tactical  air  bat  j, 
or  both.  As  far  as  the  operation  of  the  logistics  model  is  concerned,  these 
entities  are  considered  as  part  of  the  total  demand  on  a  node  for  resupply 
purposes. 


The  node  Immediately  behind  the  IfEBA  is  responsible  for  the  resupply  of 
the  ground -combat  units,  For  the  remainder  of  this  chapter  It  will  be  referred 
to  as  the  forward  supply  point.  Figure  5  Is  a  schematic  representation  of  the 
sector  node  system. 


Fig.  5 — SdiMMlic  RspisMntstipn  of  Soctor  Nodo  Sjrston 


Node  Characteristics 

The  logistics  system,  l.e.,  the  ways  and  means  of  moving  supplies,  men, 
and  equipment,  is  represented  by  the  characteristics  of  the  nodes.  A  node  Is 
characterized  by: 

(a)  Ground  capacity.  The  maximum  daily  tonnage  that  can  be  moved  out 
of  the  node  by  means  of  the  ground  LOCs  and  any  available  helicopter  lift. 
Ground  and  helicopter  capacities  have  been  considered  as  one,  on  the  assump¬ 
tion  that  the  radius  of  operation  of  helicopters  is  approximately  the  same  as 
the  distance  between  nodes. 

(b)  Aircraft  capacity.  The  maximum  daily  tonnage  that  can  be  moved  in 
or  out  of  the  node  by  fixed-wing  aircraft. 
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(c)  Required  ?tcck  level.  The  requirement  to  hold  a  number  at  days  of 
supply  on  hand.  The  size  at  a  day  of  c  npply,  in  tons.  Increases  as  the  size  of 
the  deployed  force  increases. 

(d)  Consumption  rate.  A  number  representing  the  tons  of  supplies  at  a 
uoue  that  are  consumed  per  day  by  logistic  units.  Many  nodes  in  a  sector,  such 
as  ports  a?td  airfields,  will  be  occupied  by  large  logistic  units. 

A  special  set  of  characteristics  is  used  to  describe  the  forward  supply 
point.  It  takes  the  same  form  as  the  general  set,  except  for  output  capacity. 
Within  the  combat  zone  the  ability  of  logistic  units  to  deliver  supplies,  and  the 
Inherent  capability  of  combit  units  to  fetch  and  carry  their  own  supplies  is 
related  to  the  size  of  the  deployed  force.  Thus  the  ground,  hellcoiAer,  and  air 
output  capacities  of  the  forward  supply  point  have  been  combined  into  a  single 
output  that  Is  proportional  to  the  total  day  of  supply  cf  the  combat  units.  Cur¬ 
rently,  based  on  RAC’s  THEATSRSPIEL  logistic  model, “  every  forward  supply 
point  is  given  an  output  capacity  of  a  maximum  of  2  days  of  supply  in  1  day. 

Units  that  are  initially  deployed  in  the  theater  are  specified  in  the  input 
data.  New  unite  entering  the  theater  are  assigned  to  various  sectors  by  rules 
described  In  the  TDM,  Chap.  4.  They  appear  In  the  logistics  model  as  a  total 
tonnage  representing  the  troops,  equipment,  and  basic  load  available.  Supplies 
entering  the  theater  are  described  by  total  tonnage  and  not  by  class.  They  may 
be  allocated  to  sectors  based  on  the  need  of  deployed  combat  units  or  predesig¬ 
nated  as  supplies  for  a  specific  unit. 

DETAILED  DESCRIPTION  OF  THE  MODEL 

The  purpose  of  this  section  is  to  present  the  rules  and  algorithms  that 
make  up  the  Icglstics  model.  The  following  description  is  for  one  side  In  one 
sector  only,  but  the  assessments  are  Identical  for  all  sectors  and  for  both  sides. 

Updating  the  Forward  Supply  Point 

The  forward  supply  point  is  that  node  directly  behind  the  FEBA.  It  is 
solely  responsible  for  resupply  of  all  the  ground-combat  units  in  a  sector  and 
has  an  output  capacity  conceptually  different  from  the  output  capacity  of  the 
rearward  nodes,  directly  related  to  the  number  of  combat  units  to  be  supported. 
If  supplies  are  available  at  the  forward  supply  point,  it  is  presumed  that  the 
combat  units  are  always  capable  of  getting  up  to  2  days  of  supply  in  1  calendar 
day  If  neces&aiTv.  This  presumption  is  justifiable  on  the  groups  that  much  of 
the  needed  manpower  and  transport  capability  will  come  from  the  supported 
units  themselves. 

Between  successive  operational  cycles  of  the  logistics  model  the  FEBA 
will  have  moved  by  an  amount  assessed  in  the  GCM.  A  rearward  movement 
of  the  FEBA  may  result  in  its  getting  behind  the  current  location  of  the  forward 
supply  point.  If  this  Is  the  case,  the  next  most  rearward  node  becomes  the 
supply  point.  This  new  forward  supply  point  will  have  its  on-hand  supplies 
made  eqiai  to  those  currently  at  the  new  location  plus  the  minimum  either 
the  on-hand  supplies  or  the  ground-plus-air  output  capacity  of  the  old  forward 
supply  point. 

When  the  FEBA  advances  beyond  one  node,  the  forward  supply  point  is 
moved  to  the  location  of  the  uncr  'ered  node.  Since  this  new  location  was 
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prcvloaaljr  in  Mamy  territory,  it  doe*  not  have  supplies  of  its  own.  Supplies 
are  U»en  transferred  fron  the  old  forward  supply  point  up  to  the  limit  of  its 
owpat  capacity. 

For  etUier  forward  or  rearward  aiovement  cf  the  forward  supply  point, 
iacomiAete  combat  nnits  are  moved  with  the  supply  point  to  the  new  location. 
Hokiii%  incomplete  units  at  the  forward  supply  point  is  a  modeling  convenience, 
and  aitbcii^  they  are  out  active,  it  seems  ur-reasonabie  tc  less  parts  cf  un- 
assSgned  units  owing  to  FSBA  movemei^t.  The  movement  cf  troops  and  their 
equipment  up  to  the  forward  supply  point  is  described  later. 

Enemy  Interdiction 

After  the  location  of  the  forward  supply  point  has  been  checked  and  moved 
if  necessary,  the  situation  is  considered  static  for  the  remainder  of  the  logis¬ 
tics  assessment.  The  next  step  is  to  take  Into  account  the  effects  of  enemy 
interdiction  on  liHCs  and  eiqqpUes.  The  size  of  losses  In  ground  and  air  output 
capacities  and  in  suiHpUos  at  particular  nodes  is  determined  in  the  tactical-air 
model.  Chap.  3.  Nodes  are  selected  for  attack  on  the  basis  of  the  range  oi  the 
attacking  aircraft  and  the  size  d  each  node,  measured  in  terms  of  its  on-hand 
supplies  and  total  output  capacity. 

Although  the  logistics  model  is  reducing  output  capacities  owing  to  inter¬ 
diction,  the  recovery  from  previous  losses  must  also  be  considered.  In  the  ab¬ 
sence  of  better  data  it  is  assumed  that  a  loss  in  ground  output  capacity  can  be 
recovered  completely  with  2  day’s  delay. 

Demand  for  Resupply 

At  a  node  there  may  be  three  external  demaixls  for  supplies;  the  demand 
for  supplies  to  be  sent  forward  (at  the  forward  supply  point  this  is  the  demand 
from  the  ground-combat  units),  the  demand  from  SAM  sites,  and  the  demand 
from  tactical- air  bases.  The  sum  of  the  three  is  the  total  external  demand  on 
a  given  node.  Since  the  model  does  not  recognize  LOG  restrictions  between  a 
supply  node  and  its  associated  SAM  site  or  tactical-air  base,  the  only  time 
these  demands  are  not  met  is  when  total  demand  on  a  node  exceeds  supplies 
available  at  the  node.  When  demand  exceeds  supplies  available,  supplies  are 
delivered  in  prc^rtlon  to  the  demand. 

Grouod-Combat-Unlt  Resupply.  A  ground-combat  unit  enters  the  combat 
zone,  at  or  in  front  of  the  forward  supply  point,  with  a  quantity  of  supplies 
stated  in  the  input  data.  On  a  particular  day  the  supplies  expended  by  a  unit 
will  vary  with  unit  type,  its  sicatua  (Le.,  asi^ned  to  combat  or  withdrawn), 
strength,  and  posture.  Supply  expenditures  for  full- strength  units  are  defined 
.  in  the  in{Nit  data.  Less-than-full-strength  units  use  supplies  in  proportion  to 
their  pereonnel  strength. 

The  logic  for  creating  the  demand  for  resupply  of  a  unit  is  that  it  should 
attempt  to  keep  on  hand  an  authorized  load,  specif!^  as  the  number  of  planned 
days  of  sopply  that  a  unit  should  carry  with  it  into  battle.  The  planned  day  of 
supply  is  the  amount  of  snnplies  a  unit  is  considered  to  consume  per  day  over 
an  extended  period  of  time. 

A  demand  for  resupply  is  calculated  for  every  unit  in  a  sector  and  sum¬ 
med  to  provide  the  total  combat-zone  demand  in  tlut  sector.  The  sum  of  the 
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planned  day  of  supply  Is  also  calculated  so  tliat  stockpile  requirements  can  be 
translated  Into  tons  nf  Hupplies.  Stockpile  requirements  at  various  nodes  in  a 
sector  are  stated  as  the  number  of  plamied  days  of  supply  that  should  be  held 
at  each  node. 

Resupply  of  SAM  Sites  and  Tactical-Ali*  Bases.  The  positioning  of  tactical- 
air  bases  and  S/Jd  rites  is  described  in  detail  in  Chaps.  3  and  4  respectively. 
They  interact  with  the  logistics  model  insomuch  as  they  consume  supplies. 

Each  SAM  site  and  tactical-air  base  is  associated  with  a  particular  node  that 
is  responsible  for  providing  them  with  supplies.  SAM  sites  are  assumed  to  de¬ 
mand  supplies  at  a  constant  rate  per  battery,  based  on  an  assumed  level  of 
activity.  Demands  by  tactical-air  bases  are  calculated  In  a  similar  manner  to 
those  from  the  ground-combat  units,  each  base  having  an  authorized  stock  level 
that  it  attempts  to  maintain.  Hence  the  demand  for  resupply  at  a  tactical-air 
base  Is  merely  the  difference  between  actual  on-hand  supply  levels  and  the 
authorized  stockpile.  The  consumption  of  supplies  is  a  function  of  the  number 
of  sorties  flown  from  the  base. 

Movement  of  Supplies,  Troops,  and  Equipment 

In  this  part  of  the  model,  supplies  are  moved  through  the  sector  to  meet 
the  demands  from  the  ground-combat  units,  the  SAM  and  tactical-air  bases  in 
the  sector,  and  the  consumption  of  supplies  by  the  nodes  themselves.  Any  re¬ 
maining  output  capacities  are  used  to  move  new  units  (troops,  their  equipment, 
and  authorized  basic  load)  up  to  the  combat  zone  and  to  meet  stockpile  require¬ 
ments  of  specific  nodes. 

The  input  of  supplies  and  new  units  into  a  sector  will  be  described  later. 
Here  it  is  necessary  only  to  realize  that, as  a  result  of  prepositioning,  move¬ 
ment  within  the  sector,  and  input  from  outside  the  theater,  each  node  in  a 
sector  has  tons  of  supplies  and  tons  of  new  units  associate  with  It.  The  latter 
quantity  is  made  of  two  components:  the  part  of  a  unit  that  has  to  travel  over 
the  ground  LOCs  and  the  part  that  can  be  moved  by  air.  The  proportion  de¬ 
pends  on  the  unit  type  and  the  kind  ol  aircraft  that  provide  the  aii'  capacities. 

The  Impetus  required  to  set  supplies  moving  through  a  sector  Is  provided 
by  the  demand  from  the  ground  combat  units.  Supplies  are  moved  from  node 
to  node  using  logic  that  is  applied  to  each  node  In  turn,  beginning  at  the  for¬ 
ward  supply  point.  The  logic  of  the  model  is  designed  so  that  all  supplies  and 
new  units  will  be  transported  over  ground  LOCs,  if  the  capacities  are  la.  ;e 
enough,  with  the  use  of  supplemental  air  transportation. 

The  supplies  that  should  be  sent  forward  to  the  combat  units  may  be  re¬ 
stricted  by  Ue  ground  output  capacity  of  the  node.  If  this  is  the  case,  and  no 
air  resupply  Is  available,  the  supplies  that  remain  at  the  node  are  us^,  as 
necessary,  to  satisfy  any  deficiencies  at  the  SAM  and  tactical-air  bases. 

.llnce  the  flow  of  supplies  from  node  to  node  is  the  lifeblood  of  all  ground 
uaits,  SAM,  and  tactlcal-alr  bases,  it  Is  Important  that  every  attempt  be  made 
to  meet  the  forward  demand  for  supplies.  If  the  supplies  leaving  a  node  fall 
short  of  the  demand,  because  of  a  lack  of  supplies  or  ground- output-capacity 
limitatlono,  it  may  be  possible  to  fly  the  deficit  .into  the  receiving  node  in 
fixed-wing  (drcraft^  TM?  done  if  the  receiving  node  has  an  airfield 

capable  of  accepting  the  deficit  and  if  a  node  (or  nodes)  to  the  rear  has  suf¬ 
ficient  supplies  and  air  output  capacity.  Attempts  to  supply  the  deficit  are 
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made  flrat  Um  node  curreoUy  torwardlog  supplies,  then  by  the  first  node  In 
ttM  sector  (thought  to  be  the  node  most  likely  to  have  both  sitfficlent  supplies 
and  air  capacity),  and  then  by  the  second  node,  and  so  on. 

In  keeping  with  the  philosophy  that  all  supplies  and  new  units  should.  If 
possible,  be  moved  over  the  ground  LOCs,  remaining  ground  output  capacities 
are  used  to  send  new  units  to  a  more  forward  node  and  then  to  send  supplies  to 
meet  etockpUe  regulrcmeats  of  the  forward  node. 

All  the  supplies  leaving  a  node  by  ground,  means  do  not  necessarily  reach 
the  next  node.  Loss  in  ground  output  capacity  due  to  enemy  interdiction,  i.e., 
the  bombing  of  roads  and  railways,  may  occ^lr  when  supply  convoys  are  actually 
on  the  road.  Quantities  of  supplies  lost  in  this  manner  are  difficult  to  deter¬ 
mine,  but  In  the  model  It  Is  assumed  they  are  proportional  to  the  fractional 
loss  la  capacj^.  Hence,  If  FS  are  the  supplies  sent  forvw^rd  from  a  node,  then 
the  supplies  fS  reaching  the  next  node  are  given  by: 

where  OC  is  the  nominal  ground  output  capacity  of  the  node  and  OC  is  the  loss 
due  to  enemy  interdiction.  Supplies  sent  forward  by  air  are  not  subject  to 
losses  since  the  tactical-air  model  does  not  consider  the  interdiction  of  trans¬ 
port  aircraft  In  flight. 

The  procedures  described  In  the  previous  paragraphs  are  applied  in  turn 
to  every  node  in  the  sector,  with  some  deviations  from  the  rules  In  assessing 
the  forward  supply  point.  The  net  result  for  all  nodes  behind  the  forward  sup¬ 
ply  point  is  a  shifting  of  supplies  and  new  units  from  one  node  to  the  next. 
Supplies  leaving  the  forward  supply  point  go  to  consuming  units  and  cannot  be 
supplemented  by  air  delivery.  Combat  units  that  have  traveled  piecemeal 
thro>i^  the  LOG  network  stay  at  the  forward  supply  point  until  they  are  com¬ 
plete,  then  they  are  assigned  to  combat. 

Finally,  in  this  movement  section  of  the  model,  any  residual  airlift  capa¬ 
bilities  are  used  first  to  transport  new  units  to  the  forward  supply  point  and 
second  to  meet  any  unfulfilled  stockpile  requirements. 

Input  of  New  Units  and  Supplies 

The  arrival  times  a  new  units  and  supplies  Into  a  theater  are  scenario 
dependent,and,  as  previously  mentioned,  each  unit  is  described  by  two  weights: 
that  which  must  be  transported  over  ground  LOCs  and  that  which  may  go  by 
air.  In  most  theaters  of  operations  the  arrival  points  for  large  units  and  supplv 
coosignmeats  are  llmlited  In  number,  with  a  resultant  Umltation  on  the  number 
of  battle  sectors  Unit  tlliey  serve.  For  this  reason  the  input  data  must  specify 
the  points  of  entry  (port  areas  or  air  bases)  for  the  incoming  combat  units  and 
supplies.  The  assignmeiit  of  combat  units  to  battle  sectors  is  then  governed  by 
rules  in  the  TDM,  Chap.  4.  Supplies  that  have  not  been  predeslgoated  for  a 
specific  unit  are  dlstr^ted  among  the  sectors  in  proportion  to  the  total  sector 
demand. 

Degradation  of  Combat  EffecUvenese 

A  division  would  normally  have  2  to  S  days  of  suiqtly  on  hand  when  in  com¬ 
bat.  Should  Its  consumption  exceed  its  resupply,  the  Ic^stlcs  model  will  degrade 
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tht  uait’e  contfwt  clfectiveMU  when  the  supplies  on  hand  go  below  a  stipulated 
S-day  leveL  This  reflects  the  fact  that  when  the  general  level  of  supplies  is 
losr  In  a  large  unit  like  a  division,  some  of  the  smaller  component  units  will  be 
dhort  of  supplies  and  will  begin  rationing.  It  is  felt  that  a  unit’s  degradation  of 
combat  efte^veness  (i.e.,  ICE)  is  not  a  linear  function  of  the  amount  of  sup- 
pUes  on  band.  Hence  the  type  degradation  used  in  the  model  is  shown  in  Fig.  6. 
(This  curve  is  represented  in  tabular  form  in  the  input  data.) 


Fig.  6 — Degradation  of  ICE  os  o  Function  of 
Days  of  Supply  On  Hand 


The  equation  of  the  previous  curve  Is  given  by 

percenv;:^^  £((  «  100  ^ ~ ,  (or  2/9  5  N  ^  2.0 

where  N  is  the  number  of  days  of  supply  with  the  division. 

The  equation  is  represented  In  the  computer  model  by  a  table  of  values 
and  may  easily  be  changed  if  a  more  acceptable  degradation  function  becomes 
available. 

Assignment  of  New  Units  to  Combat 

New  units  are  transported  as  tons  through  the  sector  until  they  reach  the 
forward  supply  point.  The  model  recognizes  that  a  complete  unit  has  reached 
Hie  forward  supply  point  by  checking  the  total  weight  of  units  at  the  forward 
supply  point  a^nst  the  list  of  units  vs  total  weight  that  is  compiled  when  new 
units  enter  the  sector.  When  It  Is  adjudged  that  a  cmnplete  unit  has  reached 
the  forward  supply  point  it  is  assigned  to  combat. 
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Chapter  3 


TACnCAL-AlR  MODEL 


INTRODUCTION 

The  original  vereioo  of  RAC’s  quick  game  was  strictly  an  assessment  of 
ground  action  dealing  with  combat  and  combat-support  elements.  Within  the 
computerized  version,  it  was  intended  that  both  air  elements  and  logistics  units 
be  simulated  to  add  completeness  to  the  game  assessment.  This  chapter  ex¬ 
plains  in  detail  the  type  of  assessments  performed  by  the  tactical-air  model. 


GENERAL  IXSCUSSION 

The  tactical-air  model  of  CQG  is  based  on  the  premise  that  the  effects  of 
air  operations  can  be  forecast  and  that  weapon  systems  and  tactics  can  be 
evaluated  on  the  basis  of  past  experience  and  an^ytic  comparison.  Certain 
air  operations  data  from  WWH,  the  Korean  War,  and  Vietnam  have  provided  a 
ba*^  '  from  which  to  measure  air-weapons  effectiveness  in  various  applications. 
...  Uiis  respect  the  quick-gaming  tactical-air  model  was  designed  to  assess  the 
effects  of  air  attacks  on  ground-combat  elements,  opposing  aircraft  and  other 
specific  targets  in  three  general-type  missions:  air -superiority  missions, 

CAS,  and  interdiction-type  missions.  For  detailed  assessments,  air-superiority 
missions  are  viewed  as  the  SAM- suppression,  air-base-interdiction,  and  air- 
defense  roles  deemed  necessary  for  aitaini^  air  superiority. 

Dally  operation  of  the  tactical-air  model  is  dependent  on  the  TDM  (dis¬ 
cussed  in  Clmp.  4)  wherein  an  air-control  authority  (ACA)  assigns  combat  air¬ 
craft  to  each  battle  sector  on  the  basis  of  enemy  ICE  per  sector  and  the  over¬ 
all  aircraft  availability.  (The  number  of  ACAs  operating  within  the  theat(^r  is 
a  function  of  the  theater,  scenario,  and  game  objectives.)  From  the  total  air¬ 
craft  assigned  to  each  sector,  the  model  nuUces  aircraft  assignments  to  air 
bases  within  the  sector  on  the  basis  of  air-base  and  supply  availability  and  to 
the  combat  missions  on  the  basis  czf  enemy  air  power  per  sector. 

After  the  TDM  has  allocated  combat  aircraft  to  various  battle  sectors, 
the  tactical-alr  model  assigns  the  aircraft  to  air  bases  within  the  sector  for 
a  home-base  location  and  logistics  sui^rt.  The  home-base  location  is  neces¬ 
sary  as  a  basis  for  evaluating  a  combat  radius  of  the  type  aircraft  used  in  the 
game.  (The  present  tactlcal-idr  model  provides  for  one  type  of  aircraft  only. 


wKh  tb0  ordnance  load  assumed  to  be  a  standard  loading  tor  the  mission  as¬ 
signment.)  The  combat  radius,  an  input  to  the  model,  determines  the  maximum 
depth  to  which  SAM  sites,  enemy  air  bases,  and  supply  nodes  may  be  Inter¬ 
dicted.  Ail  distances  are  calculated  from  the  node  that  supplies  the  home  base 
to  the  nodes  associated  with  the  target  elements. 

Assignment  of  aircraft  to  the  five  combat  missions  within  each  sector  is 
based  on  the  relative  strength  of  oppoelng  air  forces  per  sector.  The  air 
doctrine  being  followed,  for  both  sides,  gives  primary  emphasis  to  achieving 
air  superiority.  As  the  degree  of  superiority  increases,  more  and  more  air¬ 
craft  are  assigned  to  CAS  and  interdiction-type  missions.  The  tactical-air 
model  Is  flexible  enough  to  accept  any  variations  in  mission  assignments  and 
requires  only  a  change  In  the  input  data. 


METHODOLOGY 

Often  in  war-game  assessments,  aircraft  missions  are  degraded  by  aborts 
only.  An  abort  factor,  however,  generally  represents  average  materiel  relia¬ 
bility  and  does  not  account  for  variations  in  the  weather,  errors  in  navigation, 
target  acquisition,  or  other  factors  that  may  prevent  an  aircraft  mission  from 
being  100  percent  completed.  To  account  for  these  intangibles  the  tactical-air 
model  degrades  the  number  of  combat  aircraft  by  an  overall- reliability  factor 
(ORF),  This  ORF  combines  the  effect  of  abort  factors  with  flight -effectiveness 
factors  to  give  a  degraded  mission  performance.  Thus  once  a  sector  has  been 
assigned  aircraft  for  a  day’s  operation,  the  ORF  is  applied  to  each  sector  to 
determine  the  number  of  aircraft  actually  available  for  that  day’s  action. 

Allowing  a  maximum  of  two  sorties  per  day  per  aircraft,  the  same  factor 
is  obtained  if  a  listing  of  individual  events  and  their  probabilities  is  considered. 
Let  P  equal  the  probability  that  a  single  aircraft  is  flyable  throughout  the  day, 

R  equal  inflight  reliability  on  each  of  two  missions,  and  FEV  equal  expected 
value  of  flight  effectiveness  for  each  of  two  missions;  then  the  ORF  is 

ORF  -  2xPxH*x(FEV)2 

Which  may  be  considered  as  representing  the  expected  number  of  effective 
sorties  per  day  per  aircraft  assigned.  The  above  ORF  value  is  an  input  to  the 
air  model  and  is  bssed  on  assumed  values  of  the  individual  events. 

Only  one  type  of  aircraft  is  played  in  the  tactical-air  model.  It  can  be  a 
designated  aircraft  such  as  the  F-4C  or  F-105,  or  a  notional  aircraft  taken  to 
be  available  in  the  theater.  The  armaments  used  are  assumed  to  be  a  standard 
loading  with  respect  to  the  mission  assignment. 

A  combat  radius  is  determined  for  the  aircraft  used  in  the  game  and  is 
entered  to  the  model  as  input.  In  a  non-SAM  environment,  flight  altitudes  to¬ 
ward,  over,  and  returning  from  a  target  area  will  be  much  higher  than  in  a 
SAM  environment.  Hence  combat  radii  may  change  appreciably  for  various 
air-defense  environments.  The  combat  radius  determines  the  maximum  depth 
to  which  SAM  Bites,  air  bases,  and  supply  nodes  may  be  Interdicted. 

There  are  instances,  however,  when  air  bases  are  forced  to  move.  The 
rules  for  movement  uf  air  bases  are: 
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(a)  Ad  air  batMi  will  move  to  a  more  forward  predesignated  position  if  the 
dlstanse  from  air  Imm  to  FEBA  is  greater  than  some  fixed  distance.  The  dls- 


CeaCaa  ^SaaSO 


(b)  An  air  base  will  move  to  a  more  rearward  predesignated  position 
whenever  the  FEBA  recedes  to  within  a  fixed  distance  of  the  air  base.  The 
distance  remains  constant  for  each  game  operation. 

Q  jy— pQsitioss  fox*  SwCtor  sirs  (SctsirxMlsOM  ^sid  c{it€2*cd 
into  the  program  as  are  the  mayimum  nximber  of  daily  sorties  the  air  base  can 
sustain.  This  allows  the  tactical-air  model  to  choose  the  number  at  air  bases 
required  to  handle  the  assigned  sorties  per  day. 

On  a  dally  basis  the  ACAs  assign  tactical  aircraft  to  each  of  the  sectors 
within  their  area  of  control.  The  tactical-air  model  then  assigns  these  aircraft 
to  air  bases  within  the  sector.  The  number  of  aircraft  Nj  the  jth  air  base  will 
receive  is  limited  by  one  of  the  following  three  values:  the  number  of  aircraft 
to  be  assigned  to  the  sector  A^,  tlie  present  air-base  capacity,  or  the  supply 
level  at  the  air  base  to  equip  and  sustain  sorties.  This  minimum  function  is 
expressed  as 


Nj  «  min 


f  tt,  c,  (oHn 


where  A^  =  number  of  aircraft  to  be  assigned  to  ith  sector 
ttj  =  maximum  sorties  per  day  from  jth  air  base 
Cj  =  present  air-base  capacity  (percentage)  for  jth  air  base 
(OH)f  =  on-hand  supplies  of  jth  air  base 

B  =  number  of  air  bases  within  combat  range  of  FEBA 
s  =  sorties  pei'  aircraft  per  day 
t  -  tons  of  supplies  consumed  per  sortie 
Thus  if  Nj  =  Aj ,  the  most  forward  air  base  (j  =  1)  receives  all  the  aircraft 
assigned  to  this  sector  for  the  day’s  actions.  If  Nj  <  Af,  then  R  ^  A.  -*  is 
assigned  to  the  next  most  forward  air  base  (j  »  2).  If  there  are  still  A^  aircraft 
to  be  assigned,  the  air  base  (j  =  3}  is  then  made  active  for  this  day,  and  so 
forth.  From  the  calculations  shown  in  Chap.  4,  we  know  ihere  is  adequate  capa¬ 
bility  in  the  ith  sector  to  receive  aU  A^  aircraft  allocated  for  this  day. 

Assignment  of  aircraft  to  particular  missions  within  each  sector  has  bt.en 
made  a  function  cl  the  relative  strength  of  air  forces  per  sector.  The  tacticai- 
air  doctrine  being  followed  places  primary  emphasis  on  achieving  air  super¬ 
iority.  As  the  degree  of  superiority  increases,  more  and  more  aircraft  are 

<ntA4  xctlwA\«x^lAI./ia  aiaxOBA  i/tto*  a  liv  DV  -v^CtAVPU  mi  HiAP— 

Sion  is  made  from  mission  curves  oi  the  type  shown  in  Fig.  7.  Any  set  of 
siriUar  carves  may  be  emi  loyed  in  different  runs  ot  the  simulation.  Other 
tactical-air  doctrines  may  require  that  a  different  st  t  of  curves  be  made  avail¬ 
able  to  both  the  Red  and  Blue  forces. 

It  is  also  possible  that  different  tactical  posturea  warrant  other  alr- 
misslon  assignments.  For  example,  the  Blue  defense  force,  if  it  has  air 
superiority,  may  wish  to  assign  a  high  percentage  of  the  aircraft  on  CAS  mis- 
Btons;  however,  if  the  samt  force  Is  in  a  stalemate  sltxiation,  a  hl«th  percentage 
of  interdiction  missions  may  be  of  tactical  Importance.  In  these  sitiutions  the 
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lActtcal-alr  model  la  flexible  enough  to  accept  all  variations  In  mlsaion  asaign- 
ment,  provided  that  they  are  entered  before  each  computer  run.  For  most  theater 
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RATIO  OP  OPPOSING  AIR  FORCES 
Fig.  7— Scmipl*  Blue  Mistion-AssigniMirt  Curves 


DETAiI.ED  A^ESSMENTS 

This  section  of  the  tactical-air  model  presents  the  logic  surrounding  the 
model  structure  and  the  necessary  formulas  for  making  model  assessments. 
The  convention  adopted  in  the  following  notation  of  air-model  terms  is  that 
unbarred  symbols  refer  to  the  friendly  force  operations  and  the  barred  sym¬ 
bols  to  the  enemy  operations.  Dotted  symbols  refer  to  the  attrition  of  various 
items  assessed  in  the  model.  Appendix  A  contains  a  generalized  flow  chart  of 
the  tactical-air  model.  Annex  A1  is  a  glossary  of  terras  used  in  the  air-model 
assessments.  Model  data  necessary  for  tactical-air  asiiessments  are  pre¬ 
sented  in  Annex  A2. 


Air-Defense  Operations 

Air-defense  operations  all  utilize  measures  designed  to  destroy  or  reduce 
the  effectiveness  of  attack  aircraft,  including  air-defense  fighters,  SAMs,  and 
ADA  organic  to  ground-combat  units. 


Effectlveness  of  Alr-Defenae  Fighters.  The  tactical-air  model  ai^sumes 
that  air-to-air  battles  occur  concurrently  with  each  mission  assessment.  Since 
the  aircraft  played  in  the  model  are  of  a  composite  type,  it  is  assumed  that  the 
escort  aircraft  that  generally  accompany  other  mission  aircraft  are  now  part 
oi  the  total  number  of  aircraft  engaged.  Thus  fighter-escort  and  air-defense 
aircraft  will  be  attrited  through  similar  assessments  in  air-to-air  battles  on 
a  sector-by-sector  basis. 

Total  number  of  attacking  aircraft  killed  (A)  oy  air-defense  aircraft  (i.e., 
interceptors)  in  a  given  sector  is 


A  «  min  (P  I  A  j.  a  A) 


where  A3  -  number  of  aircraft  allocated  to  the  air-defense  role  by  defender’s 
mission  curves 

kill  probability  of  Interceptors  vs  attack  aircraft 
acceptable  attrition  to  attacking  aircraft  if  mission  may  be  aborted; 
if  mission  is  nonabort  type,  the  value  should  be  1.0 
number  of  attacking  aircraft 
Total  number  of  interceptors  killed  (A3)  by  the  attacking  aircraft  in  a 
given  sector  is 

Aj  =  min  [  Pj  min  (A,  A3),  k  Aj] 


Pi  = 
a  = 


A  = 


where  P5  =  kill  probability  of  attack  aircraft  vs  interceptor 

b  =  acceptable  attrition  to  air-defense  aircraft  before  defense  mis¬ 
sion  is  aborted 

A  =  number  of  attacking  aircraft 
Aj  =  number  of  Interceptors 

The  nuMber  erf  attack  aircraft  (A)  lost  to  interceptors  is  subtracted  from 
the  total  number  of  attack  aircraft  (A).  The  remaining  aircraft  are  then  reap¬ 
portioned  to  combat  missions  using  the  initial  percentages  indicated  by  the 
mission-assignment  curves.  This  new  distribution  is  used  to  determine  further 
effects  ol  attack  aircraft  op.  their  various  missions. 

Surface -to- Air-Missile  Effectiveness.  This  portion  of  the  air -defense 
routine  determines  the  number  of  aircraft  lost  to  SAMs  as  each  sector  is  pene¬ 
trated  by  the  enemy  attack  aircraft.  The  new  distribution  of  attack  aircraft  is 
used  to  determine  the  number  of  aircraft  per  mission. 

In  the  SAM  assessment  there  are  two  single-salvo-kill  probabilities 
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tempt  SAM  suppression  at  the  site,  and  the  other  is  a  lower  value  applied  to 
aircraft  on  other  missions.  The  aircraft  in  the  second  category  are  CAS  air¬ 
craft  when  in  range  of  the  SAMs  and  aircraft  that  must  fly  by  this  SAM  site  to 
complete  a  mission  at  greater  depth.  It  was  considered  that  fly-by  aircraft 
would  be  aware  of  certain  SAM  sites  and  could  take  evasive  action  to  get  through, 
although  not  entirely  unharmed.  CAS  aircraft  generally  operating  on  the  deck 
would  likewise  receive  a  lowered  asses.<'ment  from  SAMs  but  might  become 
more  vulnerable  to  ADA  in  the  area. 


Within  each  battle  sector  there  may  be  more  than  one  concentration  of 
SAM-fire  unlt.s  in  depth  from  FEBA.  Depending  on  the  theater,  there  may  be 
more  than  one  type  of  SAM  unit  deployed.  Since  each  SAM  concentration  is 
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characterized  in  the  model  by  the  number  of  fire  units  available,  SAM  effective¬ 
ness  against  attacking  aircraft  can  be  determined. 

As  explained  later  in  the  counter-air-defense  operations,  aircraft  assigned 
to  SAM- suppression  missions  will  be  in  proportion  to  the  number  of  SAM  fire 
units  at  each  site.  A  fire  unit  as  defined  here  consists  of  the  detection  and 
guidance  radar,  the  fire-control  system,  and  those  batteries  or  launchers 
served  by  the  fire-control  system. 

The  total  number  of  attacking  aircraft  lost  (A  )  to  SAM  fire  at  a  given  site 
will  be: 

=  mir  (F^.  A,-),  i  =  1.  2,  4,  5. 

Where  A  =  number  of  attacking  aircraft  on  /  -type  mission 
fJ  =  number  of  fire  units  at  the  site 
P2j  =  SSKP  of  SAM  vs  aircraft  on  )-type  mission 
Cj  =  maximum  attrition  to  aircraft  on  j-type  mission  as  one  SAM 
site  is  penetrated 

The  Close  Air  Support  Board  in  August  1963  defined  targets  of  maximum 
Interest  for  close  support  of  ground  operations  75  km  from  FEBA.*  Twenty- 
five  percent  of  the  targets  indicated  were  less  than  12  km  from  FEBA,  and  75 
percent  of  the  targets  were  between  12  and  75  km  of  FEBA.  In  these  cases 
only  the  first  SAM  site  back  from  FEBA  would  be  within  range  to  be  effective 
against  CAS  aircraft.  The  remaining  attack  aircraft,  depending  on  their  type 
of  mission  and  combat  radius,  may  come  under  attacl  rom  other  SAM  elements. 

The  number  of  attacking  aircraft  lost  to  SAM  fire  is  a  func+ion  of  the 
SSKP  for  the  type  of  SAM  system  deployed  and  of  that  system’s  firing  doctrine, 
i.e.,  one,  two,  or  more  missiles  per  salvo.  In  an  actual  engagement  SAM  units 
would  undoubtedly  find  the  attacking  aircraft  at  differing  altitudes.  But  the 
present  model  assumes  that  aircraft  penetrate  at  combat  altitudes  that  are 
least  costly  to  the  air  unit  as  a  whole. 

Air-Defense  Weapon  Effectiveness.  The  number  of  attack  aircraft  lost 
to  ADA  organic  to  the  ground  forces  in  each  sector  is  assessed  as  an  overall 
attrition  constant  per  .sector.  The  attrition  constant  d  is  a  weighted  average 
of  the  effectiveness  of  ADA  weapons  organic  to  combat  divisions  and  support¬ 
ing  elements  within  each  sector.  Hence  as  aircraft  penetrate  a  given  sector, 
the  attrition  t  onstant  for  that  sector  is  assessed  against  the  aircraft.  Specific 
values  for  determining  an  attrition  constant  may  be  found  in  the  THEATERSPIEL 
Manual, The  assessment  form  for  attack  aircraft  lost  to  ADA  weapons  is 


where  d  equals  attrition  constant  to  attack  aircraft  from  ADA  weapons  and  A^ 
equals  number  of  attack  aircraft  on  j-type  mission. 

The  ADA  weapon  effectiveness  is  degraded  as  CAS  effects  and  other  battle 
actions  are  brought  to  bear  on  the  ground  forces.  Once  the  attrition  constant 
la  determined  for  a  combat  division,  the  ratio  of  ADA  effectivenes-s  to  division 
ICE  will  remain  constant.  Then  as  the  division  ICE  is  reduced  by  battle  effects, 
the  corresponding  ADA  attrition  constant  is  similarly  reduced. 
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Counter-Alr-DefeRse  Operations 


(U)  Counter-air-defense  operations  (CAO)  are  designed  to  encompass 
SAM-6uppir6SBicn  and  air^bass^intcrdicticn  missions.  The  detailed  eifects 
assessed  are  air  strikes  against  ground-based  air-defense  weapons  and  the 
loss  at  enemy  air  capability  by  means  of  interdiction  of  air  bases  and  suprx)rt- 
ing  air  facilities. 


(D,  The  number  of  aircraft  assigned  to  each  type  of  mission  within  the 
CAO  is  d  termined  in  the  following  manner.  Note  that  an  implicit  assumption 
is  made  that  good  intelligence  on  the  location  of  SAM  sites  and  air  bases  is 
available. 


(a)  Determine  if  an  enemy  air  base  is  within  combat  range  of  the 
home  air  base.  If  none  exist,  all  CAO  aircraft  are  assigned  to  interdict  SAM 
sites  within  range.  If  no  SAM  sites  are  within  range,  the  CAO  aircraft  are  then 
reassigned  to  air-defenst .  CAS,  and  interdiction-type  missions  equally. 

(b)  If  active  er  Mony  air  bases  and  SAM  sites  are  within  range  of  the 
home  air  base,  SO  perr-  ut  of  the  CAO  aircraft  attack  the  air  bases  and  50  per¬ 
cent  attack  SAM  sites.  (These  are  arbitrary  percentages  and  may  be  changed 
at  any  time.) 

(c)  The  number  of  a  'aft  assigned  to  each  SAM  site  is  in  propor¬ 
tion  to  the  number  of  fire  units  a  l  ach  site. 

(d)  The  assignment  of  aircraft  to  attack  enemy  air  bases  is  made  in 
proportion  to  the  number  of  enemy  aircraft  assigned  to  and  hence  the  quantity 
of  supplies  available  at  the  air  base. 

(U)  Air-Base  Interdiction.  Active  air  bases  within  range  of  the  opposing 
air  forces  are  vulnerable  to  interdiction.  The  interdiction  assessment  is  made 
against  the  air-base  facilities,  on-Land  supplies,  and  parked  aircraft.  The 
methods  at  assessment  are  discussed  in  the  following  three  sections: 

(U)  (a)  Air-base  capability.  The  capability  of  an  air  base  to  sustain  a 
given  number  of  sorties  per  day  (depending  on  available  runways,  parking  areas, 
and  other  supporting  facilities)  is  degraded  by  means  of  this  assessment.  The 
degradation  to  a  given  air  base  is  assumed  to  be  represented  by'* 


where  C 

C 

As 

fcl 

(C) 


percentage  <iegradation  of  air-base  capacity 
present  air-base  capacity  as  percentage  of  maximum 
number  of  aircraft  that  attack  a  given  air  base 
percentage  of  Aj  aircraft  that  attack  air-base  facilities 
attrition  constant  to  air-base  capacity 
The  attrition  constant  to  air  base  capacity  is  baaed  on  data  from  the 


Defense  Intelligence  Agency  (DIA)  Physical  Vulnerability  Handbook  and  listed 
as  tabular  data  in  an  AWC  “Analysis  Seminar  Control  Msuiual.”''  For  example, 
iO  tons  of  ordnance  delivered  is  expected  to  destroy  6  percent  of  air-base  facil¬ 
ity,  and  20  tons  of  ordnance  destroys  14  percent  of  the  facilities.  Assuming 
Blue  aircraft  can  deliver  approximately  4.5  tons  of  ordnance  per  sortie  we  note 
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then 


finally 

^  '-It'"  ('“^) 

With  C  =  6  perc:>nt,  Iv  tons  equate  to  2.25  aircraft;  then  fej  ’2.7  percent  per 
aircraft 

C  .14  yerce  it,  20  tons  equate  to  4.45  aircraft;  then  kj  “  3.3  percent  per 
alrciaft 
The  ref  01  e 

average  value  ^  3.0  percent  for  each  Blue  aircraft. 


(IJ)  {b)  Destruction  of  on-h?.od  supplies.  The  tons  of  on-hand  supplies 
lost  by  air-base  Interdiction  Is  equal  to  the  percentage  of  air-base  capacity 
lost.  That  is; 

OH  =  (C/C)  X  OH 


(U)  (c)  Destruction  of  parked  aircraft.  A  damage  assessment  to  parked 
aircraft  at  any  air  base  assumes  that  the  number  of  aircraft  on  the  ground  at 
the  time  of  the  attack  is  known.  Since  this  would  probably  be  a  wild  guess  on 
anyone’s  part,  the  approach  used  here  is  to  make  the  fraction  of  alrcr:^t  unable 
to  scramble  a  function  of  the  ORF  per  aircraft.  Thus  the  number  of  aircraft 
on  the  ground  at  any  air  base  will  be  at  least  those  that  are  inoperable  on  a 
given  day.  If  ORF  Is  the  overall  reliability  fac  or  for  aircraft  per  sector,  then 
(1-  ORF)  is  the  fraction  of  aircraft  assumed  unable  to  scramble  whan  attacked. 
This  value,  very  arbitrary  in  itself,  is  then  applied  to  the  number  of  aircraft 
previously  assigned  to  a  given  air  base.  The  losses  would  be 

=  min  .  fc  Aj,  (I -ORF)  A^] 


where  P4  =  probability  of  killing  a  parked  aircraft  on  one  bombing  pass 
h 

As 
A 


percentage  of  A5  aircraft  that  attack  parked  aircraft 


=  number  of  aircraft  attacking  this  air  base 
(,  =  number  of  aircraft  allocated  to  this  air  base  for  mission  assignments 
(U)  SAM  Suppression.  Within  each  battle  sector  the  model  recognizes 
that  SAM  capability  may  be  deployed  at  various  depths  from  FEBA.  This  de¬ 
ployment  or  assignment  of  SAMs  to  various  battle  areas  is  discussed  in  Chap.  4. 
The  discussion  of  UAO  operations  indicated  the  method  of  assignment  of  air¬ 
craft  to  attack  each  SAM  site. 

(U)  Once  the  number  of  aircraft  attacking  a  given  SAM  site  is  knov.'n,  the 
SAM  losses  may  be  computed.  Since  the  Aj  aircraft  are  assigned  to  SAM  sites 
in  ratio  to  the  strength  of  fire  units  at  each  site,  and  aircraft  attacking  rearward 
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SAM  units  come  under  fire  from  forward  SAMs  but  with  a  lowered  value  of  kill, 
the  form  of  the  loss  assessment  may  then  be  written  as 

F  -  rain  (Pj.  A,,  t  F> 


where  F 
P3 


F 


the  number  of  SAM  fire  units  destroyed 
probability  of  one  attack  aircraft  destroying  one  fire  unit 
number  of  Aj  aircraft  attacking  this  SAM  unit 
attrition  to  fire  units  from  attack  aircraft  >  1.0 
number  cf  fire  units  at  this  SAM  site 


CAS  Operations 

(U)  After  the  mission-assignment  curves  determine  the  number  of  aircraft 
per  sector  to  go  on  CAS  missions,  this  portion  of  the  model  determines  the 
incremental  ICE  that  is  added  to  each  sector  to  account  for  close-air  effects. 

(U)  However  the  tactical-air  model  plays  either  one  type  of  aircraft  or  a 
com^lte  of  all  types  of  aircraft  available  in  the  theater.  For  applicaticn  to 
this  portion  of  the  model  an  FPS  is  determined  based  on  the  type  and  amount  of 
armaments  carried  on  one  sortie  in  a  typical  CAS  mission. 

(C)  The  Close  Air  Support  Board’  indicated  that  an  effective  nciition 
loading  for  CAS  missions  would  be  six  pods  of  cluster  bomblet  unit  vCBU)  muni¬ 
tions  for  air  alert  to  nine  pods  of  CBU  munitions  for  ground  alert.  If  other 
ordnance  is  used,  the  Board  indicated  that  in  the  period  1965-1970,  CAS  air¬ 
craft  would  average  6250  lb  of  ordnance.  (Red  aircraft  are  capable  of  deliver¬ 
ing  approximately  one-third  this  amount  of  ordnance  in  a  CAS  role.) 

(C)  Computation  of  ICE  values  for  any  weapon  used  in  CQG  assumes  that 
target  types  and  target  sizes  are  similar  for  all  area-fire  weapons.  The  re¬ 
sultant  ICE  value  is  then  proportional  to  the  product  of  the  lethal  area  of  the 
munition  and  the  number  of  munitions  assumed  to  be  fired  or  delivered  in  a 
stated  period  of  time— in  this  case  1  battle  day.  The  ICE  values  for  Blue  and 
Red  CAS  sorties  are  .0036  and  .0012,  respectively.  The  Blue  ICE  value  was 
computed  assuming  an  average  of  7.5  pods  of  CBU  munitions  delivered  on  a 
typical  CAS  mission.  These  ICE  values,  when  multiplied  by  the  total  number 
(k  aircraft  assigned  to  CAS  missions,  will  yield  the  ICE  that  is  to  be  added  to 
the  sector  ICE  for  the  day’s  action.  (The  ICE  computation  is  made  for  each 
sortie  per  aircraft  assessed  each  day.)  The  total  ICE  for  CAS  is  computed  on 
a  dally  basis  to  account  for  loss  of  aircraft  or  change  in  CAS  tactics. 

(U)  The  logistics  model  of  CQG  recognizee  LOCs  existing  in  each  sector 
as  one-dimensional  supply  routes.  The  supply  nodes,  which  simulate  the  aggre¬ 
gation  of  all  supply  points  existing  within  fixed  distances  from  FEBA,  are  pre¬ 
determined  for  each  sector.  Thus  the  logic  for  air  interdiction  of  IxiCs  and 
damage  to  supply  nodes  is  presented  in  this  section  of  the  air  model  as  inter¬ 
diction  operations. 

(U)  Interdiction  of  supply  lines  and  loss  of  supplies  is  generally  most 
critically  felt  in  the  forward  battle  areas.  Resupply  into  these  forward  areas 
is  of  the  greatest  importance  since  supply  losses  tend  to  create  a  loss  of  combat 
effectiveness  within  a  day  or  two.  However,  aircraft  are  not  assigned  to  interdict 
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the  most  forward  node  only  since  a  point  of  diminishing  returns  exists  when  too 
many  aircraft  attack  one  target.  Therefore  the  tactlcal-alr  model  Interdiction 
assessment  has  aircraft  attacking  supply  nodes  In  depth  from  FEBA  out  to  the 
combat  range  of  the  aircraft.  The  aircraft  are  assigned  to  each  node  in  pro¬ 
portion  to  the  size  of  the  node  as  determined  by  Us  output  capacity,  its  Cu-hand 
supplies,  and  its  air- resupply  cape'  llity. 

(U)  If  Tj,  T2,  .  .  .  ,  T„  are  the  tons  of  supplies,  output  capacities,  and  air 
resupply  that  characterize  supply  nodes  1,  2, .  .  .  ,  n  back  from  FEBA  respec¬ 
tively,  then  the  fraction  of  the  total  aircraft  assigned  to  any  one  node  within 
range  is 


where  T  =  Tj  +  T2+  .  .  .  +  T„,  (i  *  1, ....  b) 

An  assumption  made  here  Is  that  the  same  aircraft  will  not  attack  more  than 
one  supply  node  on  any  one  mission. 

(U)  LOG  Interdiction.  The  LOC  capacity  of  each  supply  node  is  a  function 
of  the  capacity  of  the  rail  and  road  network  of  the  lines  of  supply  and  the  logis¬ 
tics  effort  required  to  keep  the  unit  at  maximum  effectiveness.  The  present 
output  capacity  Is  assumed  to  drop  If  either  the  supply  lines  are  Interdicted  or 
the  logistics  unit  suffers  a  reduction  in  strength.  With  the  present  output  ca¬ 
pacity  taken  as  an  index  to  the  vulnerability  of  the  LOC,  an  exponential  decay 
assessment  is  assumed  acceptable  to  express  damage  to  LOCs  and  reduction 
of  logistic  support. 

(U)  Assuming  tliat,of  the  total  aircraft  attacking  a  given  node,  t  percent 
attack  the  LOCs  and  supply  convoys  and  the  remaining  (1-t )  percent  attack  the 
on-hand  supplies  and  the  air  resupply  capability  (if  any)  at  the  node,  the  reduc¬ 
tion  In  output  capacity  is  then 


where  OC  =  present  output  capacity  of  this  node,  tons 
kj  =  attrition  constant  to  output  capacity 
A2  =  number  of  interdiction  aircraft  attacking  this  node 
t  =  percentage  of  A2  aircraft  attacking  output  capacity 
(C)  The  attrition  constants  used  in  all  interdiction  assessments  are  based 
on  data  in  the  AWC  “Analysis  Seminar  Control  Manual.” For  example,  k2  for 
Blue  aircraft  is  derived  from  a  tabulation  showing  that  an  interdiction  raid  of 
22  aircraft  (100  tons  delivered)  would  be  able  to  reduce  a  50-mlle  length  of 
LOC  In  heavy  terrain  by  an  average  of  15  percent.  (45-aircraft  raid,  200  tons 
delivered,  creates  an  average  of  21  percent  reduction.) 

(C)  To  compute  the  value  of  k2  for  Blue  aircraft, we  note  that 


=  — 22"  ~  0.15)  ^  27  Ions  pfir  aircraft 

where  A  represents  the  number  of  aircraft  considered  in  the  evaluation  and 
OC  -  3700  tons  is  the  average  output  capacity  of  all  nodes  simulated  in  the 
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Southeast  Asia  theater  scenario.  (For  Red  aircrait  with  approximately  l~ton 
ordnance,  the  k2  value  is  6  tons  of  OC  destroyed  per  aircraft. 

(U)  The  tons  of  supplies  destroyed  as  a  result  of  LOG  Interdiction  is 
a8s«}Bsed  as  a  percentage  of  supplies  forwarded  by  ground  means  from  a  given 
node  and  is  equal  to  the  percentage  of  r  xluced  output  capacity.  This  assess^ 
ment,  although  generated  in  the  air  model,  is  finally  applied  in  the  logistics 
model  after  supplies  have  been  sent  forward  t.^  the  next  node.  The  loss  of  sup¬ 
plies  forwarded  by  ground  means  FS  (a  )  is 

FS(fl)  -  •§§xFS(0) 


(U)  Air-Resupply  and  On -Hand -Supply  Interdiction.  Two  other  character¬ 
istics  of  supply  points  are  recognized  as  vulnerable  to  air  interdiction.  These 
are  the  organ!  air- resupply  capability  available  to  some  supply  nodes  and  the 
stored  supplier  at  the  node. 

(U)  The  interdiction  to  air-resupply  capability  is  in  actual  fact  the  loss 
of  parked  transport  aircraft  at  the  supply  complex,  as  well  as  a  loss  in  airfield 
capability  to  handle  the  transports.  The  degradation  of  the  air  resupply,  ii 
present  at  a  given  node,  is  similar  to  the  exponential  decay  assessment  used 
previously  but  with  a  dUferent  attrition  constant.  The  loss  of  air-resupply 
capability  ( AC )  is 

a'c  .  AC  [l-exp(=^)] 


where  AC  =  total  air- resupply  capability  of  present  node 
fc4  *  attrition  constant  for  air- resupply  capability 
Aj  =  number  of  aircraft  interdicting  this  node 
r  =  percentage  of  Aj  aircraft  attacking  air  resupply 
Note:  If  a  given  node  has  no  air-resupply  capability,  the  r  percent  aircraft  are 
then  assigned  to  interdict  on-hand  supplies. 

(C)  The  k4  attrition  constant  is  based  on  AWC  data”  stating  that  20  tons 
of  ordnance  delivered  on  an  air  base  damages  14  percent  of  the  facilities  or  47 
percent  of  the  parked  aircraft.  Assuming  that  interdiction  aircraft  will  attack 
both  transport  aircraft  and  other  transport  facilities  in  equal  measure,  the 
average  loss  is  about  30  percent.  Since  the  average  resupply  capability  of  all 
supply  nodes  in  the  theater  that  have  transport  facilities  lb  nearly  900  tons/day, 
the  k4  value  is  determined  in  the  same  manner  as  the  other  k’s.  That  is. 


-OfkO 


0.3)  S’  -200  (-0.36)  »  72  tons/aircraft 


' !C)  The  loss  of  on-hand  supplies  from  an  interdiction  mission  is  also 
assessed  by  the  exponential-decay  expression.  The  attrition  constant  k3  is 
based  on  “destruction  of  supplies  by  conventional  bombing"  data  in  the  AWC 
Manual.  ”  Data  presented  indicated  that  25  tons  of  ordnance  delivered  damaged 
12  percent  of  supplies  in  a  typical  storage  area.  FM101-10,°  para  5.66,  indi¬ 
cates  the  area  used  fur  supply  density  in  this  model,  resulting  in  2500  tons  per 
target  area.  Thus  k3  equais 

kj  -  ~ 5^^  -  0-12)  «  -455  (-0.13)  »  59  lon»/iirrta{t 
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Using  this  attrition  constant  for  on-hand  supplies,  the  loss  of  on-hand 
supplies  at  a  given  node  is  determined  by 

OH  . 


where  OH 
*3 

^2 


tons  of  supplies  on  hand  at  this  node 
attrition  constant  for  on-hand  supplies 
number  of  aircraft  Interdicting  this  node 
percentage  of  aircraft  attacking  on-hand  supplies 


Summation  of  Losses  and  Recovery 


An  obvious  step  that  must  be  taken  after  detailed  assessments  are  made 
is  the  summation  of  losses.  All  categories  of  losses  such  as  aircraft,  SAM- 
flre  units,  supplies  at  air  bases  and  supply  nodes,  LOC  throughput  capacities, 
etc. ,  are  subtracted  from  the  current  strengths  of  the  various  elements  concerned. 

In  particular  the  aircraft  losses  are  extended  in  one  additional  dimension. 
The  logic  expressed  in  the  detailed  assessments  represents  flights  into  and 
through  target  areas.  Return  flights  are  not  being  assessed  in  the  same  detail 
since  no  particular  mission  is  now  apparent.  It  is  assumed  that  all  aircraft 
will  take  the  maximum  evasive  tactics  possible  to  get  home  safely.  Therefore 
a  loss,  assessed  as  a  percentage  of  total  loss  on  the  incoming  leg,  will  be 
assessed  on  the  return  leg  of  the  mission.  The  value  used  at  present  is  0. 2 
percent  of  incoming  losses;  this  value,  however,  is  certainly  arbitrary. 

If  more  than  one  sortie  per  day  per  aircraft  is  planned  for  the  simulation, 
losses  on  the  first  sortie  are  subtracted  from  total  aircraft  strength.  The  re¬ 
maining  aircraft  are  then  reassigned  to  various  missions  as  Indicated  by  mis¬ 
sion  curves.  Detailed  assessments  are  again  computed  with  losses  subsequently 
totaled  as  before. 

-  Alter  one  cycle  of  the  tactical-air  model  has  operated,  recovery  and/ or 
replacement  of  items  is  entered  into  the  model.  Aircraft  and  SAM-fire  units 
have  a  stated  replacement  rate,  whereas  the  air-base  capability  is  recovered 
at  a  fixed  rate  of  8  percent/day.  (See  Annex  A2.) 


Chsptsr  4 


TACTICAL-DECISION  MODEL 


GENERAL 

The  TDM  was  designed  for  use  within  CQG  using  simple  rules  to  allocate 
resources  of  men  and  materiel  within  a  theater  witli  respect  to  need  and  assign¬ 
ment  capability.  Specifically  the  model  is  designed  to  allocate  tactical  aircraft 
on  a  dally  basis  to  each  sector  for  both  sides,  to  determine  the  sectors  in  which 
follow-on  combat  units  could  best  be  deployed,  and  to  determine  the  distribu¬ 
tion  of  SAM  units  as  they  enter  the  theater.  The  various  allocation  routines 
simulated  in  the  TDM  are  discussed  briefly  in  the  following  paragraphs. 

The  allocation  uf  tactical  aircraft  to  each  battle  sector  on  a  daily  basis 
for  each  side  is  dependent  on  the  type  of  ground  action  in  the  sector,  the  strength 
of  the  ground  forces  involved,  aircraft  availability,  and  the  provision  that  the 
defending  nation  may  indicate  various  strategic  phase  lines  that,  if  penetrated, 
are  of  major  concern  and  must  be  dealt  with  at  once. 

The  selection  of  battle  sectors  to  which  newly  arrived  combat  units  are 
assigned  is  based  on  the  aggressor’s  rate  erf  advance  or  cumulative  distance 
advi  need  toward  some  strategic  objective  or  strategic  piiase  line  and  on  the 
ability  of  the  IXXs  and  logistic  system  to  handle  additional  units.  The  basic 
philosophy  being  followed  is  that  an  attackerwill  attempt  toadvance  to  an  objec¬ 
tive  as  quickly  as  possible  without  losing  ground  already  captured  and  the  de¬ 
fender  will  strengthen  areas  in  an  attempt  to  halt  the  attackers’  advance. 

The  allocation  of  SAM  units  to  battle  sectors  following  their  planned  arrival 
time  into  the  theater  creates  a  buildup  of  SAM  defenses  within  each  sector. 

This  buildup  follows  the  basic  doctrine  of  deployment  for  the  type  of  SAM  units 
Involved  and  concerns  itself  with  unit  positioning  and  unit  separation. 

The  allocation  schemes  developed  for  assigning  combat  units  and  SAM 
units  to  sectors  (and  internal  nodes)  may  be  overridden  by  a  sector  (and  node) 
assignment  specified  in  the  input  data.  An  input  of  this  type  allows  the  tactical- 
decision  routine  to  be  bypassed  only  for  the  entries  specified. 


TACTICAL-DECISION-MODEL  INTERACTION  WITH 
OTHER  QUIC  .-GAME  MODELS 

The  resource-aUocation  routines  within  the  TDM  create  interactions  with 
the  other  game  submodels.  The  logic  of  the  various  routines  and  the  points  of 
interaction  are  discussed  in  the  following  sections. 
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Tactical-Air  Model 


For  control  ind  daily  allocation  of  combat  aircraft  the  TDM  simulates  an 
A.CA  that  determines  from  the  number  of  aircraft  under  its  control  the  percent¬ 
age  of  aircraft  to  be  allocated  to  each  sector,  based  on  the  tactical  situation 
within  the  sector.  For  a  theater  operation  an  ACA  may  be  considered  equiva¬ 
lent  to  the  tactical-air-force  commander  and  his  staff.  If  the  theater  is  large 
enough,  more  than  one  air  force  is  required;  nence  more  than  one  ACA  could 
be  simulated.  If  at  any  time  during  a  play  of  the  simulation  all  sectors  within 
the  purview  of  one  ACA  are  overrun,  the  aircraft  remaining  under  the  control 
of  that  ACA  will  be  assigned  to  the  remaining  ACAs. 

Since  the  ACA  generally  operates  at  a  theater-command  level  (It  may 
operate  at  a  lower  staff  level  if  the  situation  warrants  it)  and  serves  more  than 
one  sector,  the  number  and  identification  of  the  sectors  under  consideration 
must  be  included  as  part  of  the  input  data.  The  input  also  specifies  the  num¬ 
ber  of  aircraft  Initially  with  each  ACA  and  the  planned  arrival  times  ct  other 
aircraft  into  the  theater. 

Allocation  of  Combat  Aircraft.  The  allocation  of  combat  aircraft  to  each 
battle  sector  is  a  function  of  the  tactical  situation  existliig  in  the  sector.  Three 
tactical  situations  are  possible:  (a)  Red  forces  advancing,  (b)  Red  forces  i«- 
treatlng,  and  (c)  forces  stalemated,  l.e.,  nu  FEBA  movement.  These  sltaatloas 
are  assumed  to  be  assignment  priorities  1,  2,  and  3  in  the  order  a,  b,  c  for  the 
Red  force  and  a,  c,  b  for  the  Blue  force.  Thus  each  day  the  ACA  for  each  side 
assigns  all  the  aircraft  available  to  the  highest  priority  situation  existing.  If 
that  situation  exists  in  more  than  c  sector,  the  alrci^  are  assigned  in  ratio 
to  the  ICE  of  the  opposing  force  in  tne  sectors  involved.  Thus  any  desired 
change  in  the  logic  or  priority  assignment  of  aircraft  may  be  made  by  reorder¬ 
ing  the  above  situations.  This  reordering  possibility  lends  itself  to  sensitivity 
studies  on  tactics  of  aircraft  assignment. 

One  exception  to  the  above  aila'^ation  scheme  occurs  when  the  defenders' 
strategic  phase  line  is  penetrated.  These  sectors  become  of  prime  importance 
once  one  or  more  of  them  is  penetrated  and  all  the  defenders'  aircraft  are 
assigned  in  ratio  to  the  ICE  of  the  units  making  the  penetration.  Once  the  ad¬ 
vancing  units  are  halted,  the  defenders’  aircraft  are  assigned  to  sectors  ac¬ 
cording  to  the  usual  allocation  scheme.  When  the  phase  line  has  been  pene¬ 
trated  in  all  sectors,  an  alternate  phase  line  is  brought  into  being  and  the 
aircraft  assignments  follow  as  before. 

The  allocation  of  aircraft  to  each  sector  by  the  ACA  is  not  done  entirely 
on  the  basis  cf  the  ICE  of  the  unite 
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initial  designation  of  aircraft,  but  an  additional  step  in  sector  selection  is  war¬ 
ranted.  This  step  is  to  determine  the  maximum  number  of  aircraft  that  each 
sector  can  accommodate,  based  on  the  capacities  of  air  bases  within  range  of 
FEBA  and  the  supplies  available  at  the  air  bases  to  equip  and  sustain  com¬ 
bat  sorties. 

As  described  in  Chap.  3,  the  tactical-air  model  recognizes  a  maximum 
capability  of  n  sorties/day  for  each  air  base.  Assuming  s  sorties/day  per 
aircraft  and  a  consumption  rate  of  (  tons  of  supplies  per  tactical  sortie,  each 
sector  can  accommodate  the  following  number  of  aircraft: 


\/  =  l  S  J=1  St  / 


=  1, 
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where  m  •*  the  number  of  Hecto'c  controUe^':  by  the  ACA  under  consideration 

B  >  number  of  sector  air  bases  within  combat  range  of  FEBA,  most 
forward  air  bane  j  a.  i 

C  >  the  present  air-base  capacity  (percentage),  l.e.,  the  present  level 
of  operation  of  the  air  base 

R  maximum  number  of  combat  sorties  per  day  from  the  i  th  air  base 
when  at  100  percent  level  of  operation 
OH  ^  tons  of  supplies  on  hand  at  the  jth  air  base 

Thus  if  Aj  Is  the  number  of  aircraft  the  ACA  initially  wanted  to  assign  to 
sector  i  based  on  the  ICE  ratio,  one  of  tbu  following  situations  will  exist; 


(a)  if  Nj  <  A, ,  then  Rj  »  Aj 


Nj  is  the  number  of  aircraft  available  for 


assignment  to  other  sectors, 

(b)  if  N,  >  A|  ,  then  sector  i  Is  capable  of  receiving  more  aircraft  than 
originally  planned,  and 

(c)  U  N  <  A  for  all  sectors  under  the  purview  of  one  ACA,  then  R  =  A  -  N 
is  the  number  of  aircraft  not  assigned  by  the  ACA  for  thJ::  day’s  action. 

Assignment  of  3urface-to-Air  Missiles  Units.  The  assignment  of  SAM 
units  to  battle  sectors.  If  not  spelled  out  by  the  scenario,  is  determined  by  the 
TDM  following  their  planned  arrival  time  Into  the  theater.  The  buildup  of  SAM 
defenses  will  follow  the  basic  doctrine  of  deployment  for  the  type  of  SAM  units 
involved  which  states,  for  short-range  low-altitude  SAMs:’* 


SAM  units  should  be  deployed  to  accomplish  early  destruction  of  low-flying  aircraft. 
Some  units  should  be  positiooed  behind  those  deployed  forward  to  add  depth  to  the  defense 
and  provide  flexlblUty  tnd  continuity  of  fire.  Mutual  support  is  achieved  by  fire  unit 
aeparstloD  less  than  eight- tenths  times  effeotive  missile  range.  SAM  units  are  employed 
no  closer  then  10  km  of  FEBA. 


SAM  units,  generally  in  battery-sized  units,  will  be  attached  for  resupply 
purposes  to  the  most  forward  supply  node  of  each  sector  first.  The  follow-on 
batteries  at  SAMs  also  will  be  assigned  to  this  forward  node  until  the  degree 
at  mutual  support  desired  (Le.,  spacing  of  batteries)  is  achieved,  at  which 
time  SAM  batteries  will  be  assigned  to  the  next  rearward  node.  This  allows 
for  defease  in  depth  as  called  for  by  the  deployment  doctrine.  It  is  possible, 
however,  to  override  the  TDM  and,  by  appropriate  Input,  designate  the  sector 
and  node  that  will  receive  the  SAM  units  as  they  arrive  in  the  theater. 

Movement  of  SAM  sites  after  they  have  beer,  assigned  to  various  sectors 
is  handled  by  the  following  rules: 

(a)  As  the  FEBA  advances  and  a  SAM  site  is  being  overrun,  the  fire 
units  available  at  the  overrun  site  become  available  to  the  next  rearward 
node. 

(b)  As  the  FEBA  moves  forward,  new  supply  points  are  uncovered  at 
stated  intervals  and  designated  as  forward  supply  points.  The  SAM-fire 
units  located  at  each  node  are  deployed  forward  one  node  for  each  new  node 
uncovered. 

(c)  The  logic  of  step  b  changes  when  the  most  rearward  node  in  the  sector 
is  the  forward  supply  node  (i.e.,  there  Is  only  one  supply  node  in  the  sector). 

If  the  FEBA  now  moves  forward  and  the  second  node  becomes  the  forward  node, 
only  one-half  the  SAM-fire  units  and  on-hand  supplies  appear  at  the  second  node. 
As  the  FEBA  continues  to  move  forward,  the  fire  units  at  each  node  now  move 
forward  one  node  for  each  new  node  uncovered. 
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Ground-Combat  Model 


The  assignment  of  new  combat  units  to  either  force  within  the  theater 
creates  additional  units  for  the  GCM  to  control  and  evaluate  on  a  daily  ’^asi'',. 
Each  new  unit  Is  assigned  to  a  battle  sector  by  simple  assignment  rules.  Con¬ 
sidering  the  Red  forces  to  be  aggressors  and  hence  conceptual  attackers  and 
the  Blue  forces  as  conceptual  defenders,  the  assignment  roles  are  as  follows; 

The  Conceptual  Defender.  The  assignment  of  new  units  to  the  defending 
forces,  If  not  directed  by  the  scenario,  proceeds  by  the  following  rules: 

(a)  Among  the  sectors  operating  from  a  port  complex  or  central  staging 
area,  determine  the  sector  where  the  attacking  force  can  reach  some  predesig¬ 
nated  defensive  position  within  a  minimum  time.  The  defensive  position  may 
be  a  strategic  phas  line  or  the  port  area  itself.  The  times  involved  are  de¬ 
termined  by  the  distance  to  the  defensive  position  and  the  attacker’s  present 
rate  of  advance  as  a  function  of  existing  posture.  The  sector  thus  selected  re¬ 
ceives  the  new  unit.  This  unit  then  travels  through  the  sector  LOC-node  sys¬ 
tem  and  is  termed  active  when  it  is  moved  out  from  the  forward- supply  node. 

(b)  If  the  aggressor  is  not  attacking  in  any  battle  sectors  (i.e.,  the  de¬ 
fending  forces  have  been  able  to  achieve  stalemate  or  ?,re  counterattacking  in 
all  sectors)  the  new  unit  is  assigned  to  that  sector  where  the  FEBA  is  a  mini¬ 
mum  distance  from  the  most  forward  unpenetrated  strategic  phase  line. 

The  Conceptual  Attacker.  The  assignment  of  attacking  units  to  the  vari¬ 
ous  sectors,  if  not  spelled  out  by  the  scenario,  proceeds  as  follows: 

(a)  The  new  unit  is  assigned  to  that  sector  where  the  present  FEBA  is  a 
minimum  time  from  the  stated  strategic  objective.  This  objective  is  generally 
the  capture  of  key  logistics  or  communications  centers  within  each  sector. 

Time  is  determined  by  distance  to  objective  and  present  rate  of  advance  within 
each  sector. 

(b)  If  stalemate  exists  in  all  sectors,  the  new  unit  is  assigned  to  that 
sector  where  the  FEBA  is  a  minimum  distance  from  the  stated  objective. 

(c)  If  stalemate  exists  In  some  sectors  (i.e.,  there  is  no  FEBA  advance) 
and  the  defense  is  counterattacking  in  other  sectors,  the  new  unit  is  assigned 
to  that  sector  where  the  present  FEBA  is  a  minimum  distance  from  the  stated 
objective. 

It  is  clearly  recognized,  however,  that  instances  may  well  occur  where 
an  additional  unit  assigned  to  a  sector  will  overburden  the  logistics  capalpility 
of  the  sector.  Therefore  before  the  new  unit  is  assigned  to  a  sector,  the  ability 
of  that  sector  to  resupply  existing  combat  units,  to  transport  replacement  items 
and  supplies  to  air  bases  and  SAM  sites,  and  to  deploy  a  new  unit  is  caiefully 
evaluated.  If  in  the  total  evaluation  the  new  unit  is  judged  not  able  to  reach  the 
forward  node  before  a  fixed  number  of  days  has  elapsed,  the  unit  is  then  di¬ 
rected  to  the  sector  with  the  next  greatest  need.  (The  number  of  days  assumed 
for  the  test  play  v/as  taken  to  be  equal  to  twice  the  number  of  nodes  in  the 
sector.  This  number  is  arbitrary  and  can  be  changed  at  any  time.)  A  check 
on  the  next  sector’s  logistics  capability  is  also  made.  If  no  sector  meets  the 
stated  qualifications,  the  new  unit  will  be  assigned  to  the  sector  that  initially 
was  judged  to  have  the  greatest  need  for  additional  units,  regardless  of  its 
logistics  capability. 
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MODEu  FLOW  CHARTS.  NOTATIONS  USED. 
AND  SAMPLE  MODEL  DATA 
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FLOW  CHARTS 


This  appendix  contains  the  detailed  flow  charts  of  the  models  described 
In  Chaps.  I  to  4-  In  addition  a  list  of  notations  'scd  and  data  samples  are  pre¬ 
sented  to  serve  as  a  guide  through  the  tactlcal-alr- model  flow  chart.  Some  of 
the  data  entries  are  scenario  dependent,  others  are  not. 
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Fig.  A4— Flow  CHorl  of  TocltcoUDocision  Model 
‘Photw  I  In*  ptnofrotod  (PLP). 


A4— Flow  Chart  of  Tacticol-Docioion  Modol 
*PlraM  lino  pwiatrotod  (PUP). 
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NOTATIONS  USED 


This  list  of  notations  defines  terms  used  in  the  assessment  of  air-model  interaotions. 

Aj  number  of  aircraft  assigned  to  i  -type  mission  where 
i  =1,  3AM  suppression 
/  =2,  interdiction 
)  =3,  air  defense 
i  =  4,  CAS 

j  =  S,  air-base  interdiction 
P I  kill  probability  of  interceptors  vs  attack  aircraft 
Pj  kill  probability  of  attack  aircraft  vs  interceptors 

«  attrition  constant  to  attack  aircraft,  i.e.,  percentage  of  lo  ses  that  attack  aircraft 
will  expect  from  Interceptorsithe  value  is  1.0  unless  mission  can  be  aborted 

b  attrition  constant  to  interceptors,  i.e.,  percentage  of  losses  that  Interceptors  will 
sustain  from  attack  aircraft 

Cf  attrition  constant  to  aircraft  on  i  -type  mission  as  one  SAM  site  is  penetrated— may 
be  viewed  as  expected  losses  for  the  type  of  mission  assigned 

Pj  SSKP  of  a  SAM-fire  unit  vs  attacking  aircraft  on  j-type  mission 

f .  attrition  constant  to  attack  aircraft  on  j-type  mission  from  ground-based  air- 
defense  weapons;  this  constant  is  relevant  to  air-defense  weapons  organic  to 
deployed  combat  units 

Pj  *  SSKP  of  SAM  vs  aircraft  on  a  bypass  flight  of  this  site 
f  attrition  constant  to  attack  aircraft  on  |  -type  mission  from  rearward  ADA 
Note:  d^*  =  o 

Pj  probability  of  attack  aircraft  destroying  one  SAM-fire  unit;  value  should  include 
air-to-suiface  missiles  if  present 

e  attrition  constant  to  SAM-fire  units  vs  attack  aircraft,  i.e.,  expected  losses  to 
SAM-fire  units  from  attack  aircraft 

k  I  attrition  constant  to  air>base  capacity;  ability  to  sustain  sorties  per  day 
f,  percentage  of  aircraft  of  j  th  sector  air  base  unable  to  scramble  when  attacked 
P4  probability  of  killing  a  parked  aircraft  on  one  bombing  and  strafing  pass 

g  percentage  of  Aj  aircraft  that  attack  air-base  facilities 

h  <1-  g)  percentage  of  Aj  aircraft  that  attacked  parked  aircraft 
kj  attrition  constant  to  LOC  throughput  capacity,  i.e.,  node  output  capacity 
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hj  attrition  constant  to  on-hand  supplies 
kf  attrition  constant  to  alr-resupply  capability 
r  percentage  of  Aj  aircraft  that  attack  alr-resupply  capability 

«  percentage  of  Aj  aircraft  that  attack  on-hand  supplies 

t  percentage  of  A 2  aircraft  that  attack  output  capacity  of  gi''en  node,  l.e.,  the  LOC 

between  nodes  (t  =  f  ~  (r  -t-  s)) 

X  maximum  distance  from  active  air  base  to  the  FEBA 

V  minimum  distance  from  active  air  base  to  the  FEBA 

L  percentage  of  Incoming  aircraft  losses  that  are  assessed  on  return  fli^t 


TACTICAL-AIR-MODEL  DATA  SAMPLES 


Blue 

Red 

Blue 

Red 

Data  entry 

value 

value 

Data  entry 

value 

value 

Pi 

0.03 

0.03 

1 

0.5 

0.5 

Ps 

0.01 

0.01 

X 

360  miles 

230  miles 

a 

1.0 

1.0 

y 

60  miles 

60  miles 

b 

0.02 

0.02 

L 

0.2 

0.2 

10 

1.0 

Aircraft  consump- 

12 

4 

0.10 

0.08 

tlon  rate,  tons 
per  sortie 

0.005 

0.005 

SAM  consumption 

15 

9 

0.03 

0.02 

rate,*  tons  per 

a? 

0.003 

0.003 

battery 

P3 

0.25 

0.15 

SAM  basic  load, 
tons  per  battery 

45 

30 

e 

1.0 

1.0 

Aircraft  replace- 

1 

1 

fci 

3.0 

0.67 

ment  rate,*  per 

r 

0.21 

0.27 

ACA 

P4 

0.33 

0.25 

Air-base  recovery 
rate,* 

8 

8 

e 

0.5 

0.5 

SAM  recovery 

0.2 

0.2 

h 

0.5 

0.5 

rate,*  fire  unit 

^2 

27.0 

6.0 

Aircraft  combat 

420 

SOO 

59.0 

13.0 

range,  miles 

^4 

72.0 

16.0 

Sortie  rate,*  per 
aircraft 

1 

1 

r 

0.25 

0.25 

Aircraft  rella- 

0.6B 

0.63 

5 

0.25 

0.25 

billty  factor 

’*An  assumed  dally  rate. 
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II  amtract 


This  paper  describes  a  theater-level  combat  simulation  developed  by  the 
Research  Ajialysis  Corporation  to  measure  the  effectivenesB  of  coml»t  troops 
deployed  to  various  ttieaters  of  operations  under  varying  levels  of  troop  avail¬ 
ability.  Unlike  a  war  game,  a  simulation  permits  extensive  sensitivity  analyses 
of  the  impact  of  uncertain  assumptions  or  changes  In  the  tactical  situation  on  die 
outcome  of  the  war.  Simulated  here  are  die  effects  of  intradieater  logistics, 
tactical  aircraft,  and  tactical  decisions  on  die  outcome  of  ground  combat  between 
division-sized  forces.  The  basic  feature  of  die  earlier  RAC  Quick  Game  is  re¬ 
tained,  in  that  division  rates  of  advance  are  a  functicm  of  force  ratio.  Force 
ratios  are  based  on  weapon  firepower  scores,  which  in  him  are  based  in  part  on 
historical  casualty  rates  and  in  part  on  theoretical  studies.  Aircraft  mission 
assignments  are  established  as  families  of  curves  and  are  used  to  adjust  the 
mission  performance  of  aircraft  in  various  sltuationB.  The  logistics  model 
makes  ei^icit  the  flow  of  troops  and  supplies  over  aggregated  LOCs  in  a  com¬ 
bat  environment.  The  tactical  decision  rules  determine,  on  the  basis  of  the 
combat  situation  and  available  LOCs,  where  to  deploy  arriving  combat  elements 
and  supplies. 
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